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COMPOSITIONS CONTAINING LYSOPHOSPHATIDIC ACIDS WHICH 
INHIBIT APOPTOSIS AND USES THEREOF 

TECHNICAL FIELD 
This inveotion relates to thenq)MticaUy efifective compositkins of matter. More 
specifically, it encoxi^iasses compositioas containing lysopho^hatidic add or analogs ami 
derivatives thereof (collectively ^PA") vMch have been found to exhibit anti-apoptotic activity 
and/or to preserve or restore cell, tissue or oigan functicHL This invention specifically relates to 
tfaenq)eutically efiBsctive reverse ester, reverse thioester, and bis-LPA analogs encompassed by the 
tennLFA. AdditionaUy, this invention relates to methods of use of these thersqieutici^ 
conqx>sitions. 

BACKGROUND OF THE INVENTION 

Phospholipids. 

Phospholipids are a class of amphipathic phosphorus*containing lipids vMoh are essential 
constituaits of biological membranes. Various phospholipid preparations have been used for 
cooking, drug delivery Giposomes), slow release delivery systems, carrier media for hydrophobic 
drugs, gene transfer and rqilacement therapy, sunscreens, emulsions, anti«*{baming agents, 
replacement of damaged or absent pulmonary sur&ctants, detergents and membrane stabilization. 
Phosphatidic acid (PA), phosphatidylinositol (PI), lysophosphatidic acid, lysophosphatidylinositol 
(LPI), and lysophosphatidylcholme (LPC) are found in a variety of plant and animal products. 
Lysophosphatidic acid analogs have been reported to have a variety of physiological activities 
including mitogenesis (i.e. prevention of hyperproiiferative diseases), vasodilation, growth &ctor, 
wound healing and to be an anti-wrinkle agent. In addition, previous studies have shown that 
lysophosphatidic acid, when bound to senun albumin, can activate membrane currents inXenopus 
oocytes and induce nrarite retraction in PC 12 pheochromocytoma cells. 

Apoptosis* 

Cell death can occur by necrosis and apoptosis. is generally results firom catastrophic 
irreversible cell damage. It is characterized by early swelling of the cell and its cytoplasmic 
organelles, with subsequent rupture of the cellular membrane. 

Apoptosis is a normal physiologic process that leads to individual cell death. This process 
of programmed cell death is involved in a variety of normal and pathogenic biological events and 
can be induced by a number of unrelated stimuli. Changes in the biological regulaticm of apoptosis 
also occur during aging and are responsible for many of the conditions and diseases related to 
aging. Apoptotic cell death appears to play a significant role in the tissue damage that occurs in 
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association with, &>t example, isdiemia, oigan transplantadoii, and various gastrointestixial 
disorders. 

Studies of apoptosis suggest that a common metabolic pathway leading to s4>optosis can 
be init iated by a wide variety of signals, including hormones, serum growth &ctor dqirivatioa, 
5 chemothers^>eutic agents, ionizing radiation, and in&ction by human immunodeficiency vims 

(HTV). Apoptosis can also be induced by mild, non-catastrophic cell injury and can be 
concomitant with adjacent necrosis. Agents that affect the biological control of apoptosis thus 
have therapeutic utility in numerous clinical indications. 

.^>optotic cell death is characterized by morphologic changes such as odlular shrinkage, 
10 chrcmiatin condensation and margination, cytc^lasmic blebbing, and increased membrane 

permeability. Specific intemucleosomalDNAfiagnientation is a hallrnark for rnany,bmii^ 
instances of apoptosis. 

Several genes and gene fiunilies involved in signal transduction and modulation of 
apoptosis have been described. Apoptosis, however, is an active cellular response to a physiologic 
15 or extenial signal and can be modulated by interfering with the apoptotic pathway. Conversely, 

by definition, necrosis can be prevented only by decreasiqg cell injury. Prevention of apoptosis by 
upr^lation of bcI-2 and bcl-x expression, or by inhibitors of ICE-like proteases are typical 
examples of modulation of cell death. VmanskyMolekylyanurya Biologiya 30:285*295 (1996); 
VauxandStrasseriWi4593:2239-2244(1996);NunezetaI. (1994) Immunol. Today 15:582-588; 
20 and Whyte (1996) Trends in Cell Biol. 6:245-148. 

Ischemia and Reperfusion. 

Ischemia is the result of decreased blood flow to a particular area or organ of the body. 
Ischemia is responsible for several important types of physiologic damage such as brain damage, 
spinal cord trauma and myocardial ischmiia. Acute myocardial ischemia leads to the death of 

25 individual heart cells which can result in organ dysfimction. Although early reperfiision (i.e., 

restoration of blood flow) decrease heart damage caused by ischemia, cell death by apoptosis can 
occur upon reperfusion. In this instance, the ceUs that die are those that remained viable at the end 
of ischemia.Support for the role of £qx>ptosis in heart injury induced by ischemia and subsequmt 
rq)erfiision has been provided by numercnis laboratories. Gottlieb et al. (1994) J. Clin. Invest. 

30 94:1621 1628; Umansky et al. (1995) Cell Death and Differentiation 2:235241; Umansky et al. 

(1996) Basic and Applied Myology 6:227235; and Itoh et al, (1995) Am. J. Pathol. 
146: 1325 133 1 . Severe cell damage duriiig prolonged isdiemia appears to result in necrotic death 
of myocardial cells. However, if the ischemia is relatively limited in extent and duration, th 
apoptotic pathway is initiated. Restoration of blood flow (reperfiision) allows apc^tosis to 
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proceed. Insulin-like growth fectors (IGF) and calpain inhibitors, which are capable of preventing 
^optosis in di£Eerent systems, also inhibited s4x>ptosis of cardiomyocytes following ischemia and 
reperfiision both in vivo and in vitro, Umansky et al. (1995); and Buerke et al. (1995) Proc. Natl 
Acad Sci, USA 92:80318035. 
5 Organ preservatioiu 

Transplantation of vita! organs such as the heart, Uver, kidney, pancreas, and lung has 
become increasingly successful and sophisticated in recent years. Because mammalian organs 
progressively lose dieir ability to function during storage, even at freezing t^xq>eratures, transplant 
operations need to be performed soon after obtaining a donor organ to minimize tiie period of time 
10 that the organ is without blood flow. This need diminishes the availability of organs for 

transplantation. 

In clinical practice, the two major situations in ^^ch cardiac preservation is required are 
heart transplantation and cardioplegia for open heart surgery. In heart transplantation, the donor 
heart is flushed with ^proximately 1 liter of cold organ preservation solution (OPS) to arrest the 
15 heart Cooling is supplmiented by surrounding the heart with iced saline. The chilled, arrested 

heart is then sutgically excised, immersed in cold OPS, packed in ice and rushed to the recipient 
center. 

After placing the recipient on cardiopulmonary bypass, the diseased heart is excised. The 
preserved donor heart is then removed fiom the OPS, trimmed appropriately and transplanted into 

20 the recipient. Blood is allowed to flow to the transplanted heart The transplanted heart will dien 

either resiune beating spontaneously or will require chonical and/or electrical treatment to restore 
normal rhythm. When the heart is ready to take over the circulation, the cardiopulmonary bypass 
is discontinued and the recipient's chest closed. 

Most non-transplant surgical procedures on the heart, such as coronary artery bypass 

25 grafting, require that the heart be arrested for a period ranging firom 1 to 4_hours. During this 

time, die heart is kept cool by external cooling as well as by periodically reflushing an OPS 
through the cormary arteries. Hie OPS composition is designed to rabidly arrest the heart and to 
keep it in good condition during the period of standstill so that it wiU resume normal function vfbsai 
the procedure is finished. 

30 Incardioplegic procedures, the heart is exposed in the chest and, atamininnun, tfaeaortic 

root is isolated. A vascular clamp is ^plied across the aorta and qjproximately l_liter of cold 
OPS is flushed into the aortic root through a needle. Venting is provided through the left voxtricle, 
pulmonary arteiy or the right atrium and the effluent, which can contain high levels of potassium, 
is suctioned out of the chest. This, together with external cooling, produces rapid cessation of 
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contractioiis. During the period of arrest, th patient's circulati n is maintained artificially using 
caidi(^ulmonary bypass. 

After completion of the surgical procedure, blood flow is restored to the coronary 
circulation and heartbeat returns cither spontaneously or after chemical and electric treatment The 
S ease with whidi stable function is restored depends to a large extent on die effectiveness of the 

OPS to preserve the heart Once the heart is beating satis&ctorily, cardiopuhnonary bypass is 
discontinued and the diest closed. 

It is generally understood that ^'living'' organs, including the heart, omtinue the process 
of metabolism after removal firomthe donor so that cell constituents are continuously metabolized 

10 to waste products. If the storage technique is inadequate, the accumulation of these metabolic 

waste products, depletion of cell nutrients and consequent derangement of cell conqx>siticHi lead 
to progressive loss of function and ultimately to cell death, with loss of adequate fimction after 
transplantation into the recipient. Several procedures have been explored to successfully enable 
organ preservation ex vivo for usefiil time periods. In one method, the donor organ is cooled 

15 rapidly by flushing cold solutions through the organ's vascular system and maintaining the organ 

attemperaturesnearO^Cforthepuiposeof greatly slowing die metabolic rate. In the case of the 
mammalian heart, the flush solution composition is designed to cause the heart to rs^idly stop 
beating as well as to preserve it. 

In 1988, University of Wisconsin (UW) solution was introduced. Belzer et al. (1988) 

20 Transplantation 45:673-676, This solution, capable ofpreserving the pancreas and kidney for 72 

hours, and the liver for 30 hours, subsequently became the standard organ preservaticm solution 
(OPS) for transplant surgery and the bendunark against which other OPS compositions were 
measured. However, the heart is more recalcitrant to long-tenn storage than otiierorgaiis, arid UW 
solution is unreliable for storage of hearts for as short a period as 24 hours. Wicomb et al. (1989) 

25 Transplantation 47:733-734. 

In^rovements in the design of OPS compositions, as reviewed in Collins et al. (1992) 
Kidney International 42:S-1 97-S*202 and others described in the art, have proceeded along several 
paths, including: (1) modification and sin^lificadon of UW solution; (2) investigation of 
organ-specific requirements; (3) addition of pharmacologic agents, particularly calcium antagonists 

30 for control of acidosis; (5) the use of a terminal rinse solution; and (6) the use of solutions 

containing PEG. 

Wicomb et al. reported the beneficial eSbcts of a soluti n of PEG 8000 and horseradish 
p^oxidase on rabbit hearts preserved by oxygenated low pressure perfusion for 24 hours. 
Wicombetal. (19W) Transplantation Proceedings 21:1366-136%. The substitution of PEG20M 
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as the colloid for hydroxyetbyl starch (HES) of the UW solution also yielded excellent cardiac 
function. PEG20M consists of two or more molecules of PEG 6000-8000 joined by a bisphenol 
epoxide linker (CAS # 3722S-26-6; CAS name Oxirane, 2, 2' 
[(l-methyl-ethylidene)bis(4, 1-phenyleneoxy methylene)]bis-, polymer with 
5 (-hydn>-<-^ydroxypoly(oxy-l»2-ethanediyl). The substitution of PEG20M for HES also allowed 

baboon heart storage up to 48 hours and increased cardiac output (CO) under conditions of 
microperEusion. Wicomb et al. (1986) J, Surg. Bes. 40:276; and Wicomb et al. (1989) 
Transplantation 48:6-9. "Microperfusion'* is a hypoxic, very-low-flow perfusion with flowrates 
sudi as 3 ml/g heart wt/24 hour, which is 1/500 of that typical of conventional continuous 

10 perfusion. Wicomb et al. (1989) Transplantation 48:6-9. 

An in^>ioved OPS, Cardiosol^heart preservation solution, contained the substitution of 
PEG20M for HES and eliminated five con^>onents of UW solution (penicillin, dexametfaasone, 
insulin, allopurinol, and adenosine). Wicomb et al. (1990) Transplantation 49:261-264; and 
United States Patent No. 4,938,961. Cardiosol'^^heart preservation solution contains 5% or 10% 

IS by weight PEG 20M (Union Carbide Chonicals and Plastics Co., Inc., Charleston, WV), 40 mM 

sodium, 125 mM potassium, S mM magnesium, 25 mM phosphate, 5 mM sul&te, 100 mM 
lactobionate, 30 mM rafBnose, and 3 mM glutathione. Collins et al., 77te Lancet 338:890-891 
(l99l);3ndWicambGtal,Cl994)J, Heart Lung Transplantation 13:891-894. This solution was 
found to be superior to UW solution both for 4-hour hypothermic and 24-hour microperfusion 

20 storage. Collins et al. (1992). 

Gastrointestinal Disorders. 

A variety of food supplonents containing, in part, partially processed plant extracts have 
been used to ameliorate the gastrointestinal disorders that often accompany chemothera^, 
radiation and AIDS. The supplements generally contain carbohydrates, fat and plant protdn 

25 hydrolysates. See, e.g., Tomei and Cope et al. in Apoptosis: The Molecular Basis of Cell Death 

(1991) Cold Spring Harbor Laboratory Press. PCT Publication No. WO 95/15 173, U.S. Patrat 
Nos. 5,620,885, 5,567,425, 5,635, 186 and 5,624,672 describe plant-derived extracts that produce 
an anti-^>optotic effect. It has now been found tbaX these extracts contain the following 
phospholipids: LP A, LPC, LPI, PA and PI in the ratios of approximately 2: 1 :2:20:20, by weight 

30 in addition to various optional protein and carbohydrate constituents. 

A need exists for improved solutions and methods for preserving or restoring cell, tissue, 
or rganfunctioii,aiid/or preventing ^x>ptosis for a variety of therapeutic uses, par^ 
preservation. The present invention satisfies this need and provides related advantages, as well. 
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SUMMARY OF THE INVENTION 

TUs invention relates to thenq)eutically e£Eective omqiositions of matter. More 
specifically, it encompasses compositioiis containing lystqihosphatidic add or analogs and 
derivatives thereof (collectively "LPA") which have been fiiund to exhibit anti-apcptotic activity 
or to preserve or restrae cell, tissue or oigan function. Additionally, this invention relates to 
mediods of use of these ther^)eutically effective canqx»itiaas. 

The present inventicm enconqMisses compositims, containing a compound of die following 
formula: 

M 

i 

W-P-OH (I) 
I 

H 



\^iierein M is O or S, each W is indqiendently selected from me of the following structures 11- V 

X Z 

W I 

R-C -X-iCH^„-CH -CH^-Y (II) 

Z 
I 

K-X-(CH^„-CH-CH^-Y (m) 

X V Z 

II I I 

R -C -L -{CH^„ -(CH)„ -CH -CH^ -Y (IV) 



II I 
R -C -NH-{CH^„ -CH -CH^ -Y 



(V) 



wherein Y is O or S; R is unsubstituted or substituted, saturated or unsaturated, straight or 
bnmched-chain alkyl having from preferably 5-7, more preferably 8-10 and most 
preferably, about 10 to preferably 24-30, more preferably 24-28 and most preferably 
about 24 carbon atoms, r ((CH2)pO)<,(CH2)pT where q is an integer from 1 to about 900 
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and where each p is independently an integer from 2 to about 10 and T is OH, r 
0(CH2)bCH3 where b is an integer from 0 to about 10; eadi V is independmtly OH, SH, 
H, NH2, halogen, OPO3H3, or OS03H; n is an int^r firni 0 to about 1 0; m is an integer 
fiom 0 to about 1 0; Z is OH, SH, NHj, halogen, OPOaHj, H, 0(CHaXCH3 where b=0 to 
about 2, or S03H; L is indq>endently O, S, CH3 ; and X is indepmdently O or S ; or a salt 
thereof. 

In specific embodiments, R is an alkyl having between about 10 and about 24 carbon 
atoms, wherein between 0 and 11, inclusive, of the carbon-K^aibon bonds are unsatur^ More 
specifically, R is an alkyl having 18 carbon atoms, ^^rein 1 or2ofthecarbon-caibonbondsare 
unsaturated, and mixtures thereof. Even more specifically, tbe conqx>sition con^rises 
Bis(3-0-oleyl-2-^-methyl-rac-glyceryl) thiophosphate, or a salt thereof . 

In another embodiment of the present invention, a composition contains a compound of 
the fi>llowing formula: 

O 
II 

Q-M-W (VI) 
W 

wherein each W is independendy SH, OH. OCH2CH(NH2)C02H, OCHCH3CH(NH2)C02H, 
OPOjHa, OPO2HOPO3H2 or Q, \rfierein \vbea one W is Q, the other W is OH, and 
\dieiein Q is one of the foUowiiig structures: 

X Z 
II I 

R-(CH^„ -X-C -CH ~CH^ - Y (VII) 



XV Z 
II I I 

R -(C^2)« ^(CH)„ -CH -CH^ -7 (vm) 



^^dierein Y is O or S; R is unsubstituted or substituted, saturated or unsaturated, straight or 
branched-chain alkyl having fix>m preferably 5-7, more preferably 8-10 and most 
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preferably, about 10 to preferably 24-30, more preferably 24-28 and most preferably 
about 24 carbon atoms, or ((CH2)pO)q(CH2)pT v/bexe q is an integer firom 1 to about 900 
and where each p is independently an integer from 2 to about 10 and T is OH, or 
0(CH2)pCHa where p is an integer frcnn 0 to about 1 0; eadi V is independently OH, SH, 
H,NH2, halogen, OPO3H2, or 0S03H;n is an integer from 0 to about 10; mis an integer 
from 0 to about 1 0; Z is OH, SH, NHj, halogoi, OPO3H2, H, 0(CH^Cti^ where p=0 to 
about 2, or SO3H; L is independently O, S, or CH3; X is independently O or S; and M is 
P or S, where vfbsn M is S, one W is (=0) and the other W is SH, OH, 
OCH2CH(NH2)C02H, OCHCH3CH(NH2)C02H, OPO3H2, or OPO^HOPOaH^; or a salt 
tfiereof. 

In another embodiment, the composition comprises a compound selected from the group 
consisting of reverse ester-LPA, reverse thioester-LPA or a salt of either. 

In a specific embodiment, the composition con^rises: 3 Oleyl l^thiophosphoryl-2-O- 
methyl-mc-glycerate, or a salt thereof. 

The present invention also provides methods of treating apoptosis, preserving or restoring 
function in a cell, tissue or organ comprising administering m vivo or in vitro a therapeutically 
effective amount of a pharmaceutically acceptable composition of the present invention. The 
presmt composition can also contain a potentiating component including, fer example, a 
polyethylene glycol, a protein, or a lipid membrane structure. 

In specific embodiments ofthepresrat invention, the compositions ofthe present invention 
also comprise pharmaceutically acceptable excipients, which can be, without limitation, selected 
from the group encompassing topical pharmaceutically acceptable carrier, cosmetic carrier, sterile 
solutions, sterile isotonic solutions, ingestable liquids, pharmaceutically acceptable aerosols and 
solutions for organ/tissue/cell preservation and/or transplantation. 

In specific embodiments of the present invention, the compositions of the present invention 
also comprise pharmaceutically effective agents, such as, without limitation, drugs, antibiotics, 
woimd healing agents and antioxidants. 

Also oicompassed by the present invention are methods of making conq>ositions of the 
present invention, and the compositions obtained therefrom, conq)ri5ing the steps of: forming a 
lipid dispersion comprising LP A; providing at least one of said components; and combining the 
products of steps a) and b), and more specifically, wherein the lipid dispersion is formed by the 
steps of: a) dissolving LPA and any other lipids in organic solvent; b) removing the solvent to form 
dried lipid; and c) dispersing the dried lipid into aqueous media by th stepso£ i) forming an even 
lipid dispersion; and ii) forming an even dispersion of lipid membrane structures. 
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Additionally encompassed are mediods of treating apoptosis or preserving or restoring 
function, in a cell, tissue or organ, comprising administering a therapeutically efiEective amount of 
a pharmaceutically acceptable composition of the compounds of the present invention. Such 
conq>osition can further comprise a potentiating con^xment 

The compounds of the present invention can be administered to a patient suflfering fiom 
a condition related to apoptosis, ischemia, traumatic injury or reperfusion damage (^oietn the 
reperfiision damage can be, without limitation, associated with coronary artery obstmcticHi, stroke, 
cerebral in&rction, spinal/head trauma and concomitant severe paralysis, frostbite, coronary 
angioplasty, blood vessel attachment, limb attachment, organ attachment, or kidney reperfiision), 
and gastrointestinal perturbation (^^erein the gastrointestinal perturbation can be caused by, 
without limitation, a stimulus such as viruses, chemothersqieutic agents, radiation, infectious 
diseases such as human immunodeficiency virus, infiammatory bowel disease, and 
diarrtiea-causing organisms). Treatment can comprise administering to the patient at least one 
intravenous bolus of an effective amount of the composition. 

In another embodiment, methods of the present inventicm decrease s^ptosis-related 
problems associated with immunosuppressing viruses, chemotherapeutic agents, or radiation and 
inmiunosuppressive drugs. 

Also encompassed by the present inventicm are methods of culturing cells comprising 
treating cells with an amount of at least one of the compositions of the present inventicm efifective 
to prevent apoptosis and/or preserve the cells, including preserving an origan. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a bar gr^h depicting the effect of various concentrations of 18: 1-LPA analog 
on protection of C3H/10T1/2 cells finom serum dqirivation. LPA was prepared with or without 
a potentiating c(»nponent (bovine serum albumin or phosphatidyl glycerol vesicles). The open 
section of the bars represents adherent cells and the solid section of the bars represents 
non-adherent cells. Where not specified as a particular analog, **LPA** refers to 18: 1-LPA in all 
figures. In Figs. 1-8 and 1 1, the white sections represent adherent cells and the dark secticms 
represent non-adherent cells. 

Fig. 2 is a bar graph depicting die percentage of adherent cells (open sections) and 
non-adherent cells (solid sections) in the C3H/1 OTl/2 assay after 24 hours exposure to serum-firee 
medium to vMch 18: 1-LPA was added as a 10% (by weight) mixture in various phospholipid 
monbrane structures. For all treatmoits, 18: 1-LPA was delivered at 0.25, 0.75, 2.25 or 6.75 
(g/mL. The following list provides the compositions represented by each column in Fig. 2: 
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10% LPA in PS (0.25 (g/ml LPA) 


36 


10% LPA in PS (0.75 (gfml LPA) 


37 


10% LPA in PS (2.25 (g/wl LPA) 


38 


10% LPA in PS (6.75 (g/ml LPA) 


39 


PS only 67.5 (g/knl 


40 


BMEonly 



Fig. 3 is a bar graph depicting protection of serum-deprived C3H/10T172 ceils by Five 
Phospholipid Mixture (referred to as '"Elirex'* in the figure) and 18:1-LPA formulations in 
10 phosphatidyl glycerol (PG) and phosphoddyl glycerol/phosphotidylcfaoline (PG/PC) membrane 

structures. 

Fig. 4 is a bar graph depicting protection of serum-deprived C3H/10Tiy2 cells by 
18:1-LPA and lysophosphotidylserine (LPS). 

Fig. S is a bar graph depictinig protection of C3H/10T1/2 cells finom serum-deprivation by 
15 soy-derived, 18:1 and 16:0 LPA. 

Fig. 6 is a bar graph depicting C3H/10T1/2 cell protection firom serum-deprivation by 
18:1 LPA and 18:0 LPA alone or in PG membrane structures. 

Fig. 7 is a bar grs^h depicting protection of C3H/10T1/2 cells from serum-deprivation by 
lysophosphatidic acid incorporated at different concentrations into Phosphaddic add 
20 (PA)/phosphatidylinositol (PI) (1:1) membrane structures. Controls include concentrations of 0.3. 

1, 3, and 10 (g/ml of the Five Phospholipid Mixture (referred to in the figure as '*£lirex**). 

Fig. 8 is a bar graph depicting protection of serum-dq)rived C3H/10T1/2 cells by 
18:1-LPA in Five Phospholipid Mixture Oabeled "Elirex") and PC or chemically modified PC 
membrane structures. 

25 Fig. 9 depicts an autoradiogr^h of a non-denaturing polyacrylamide gel of proteins 

separated following incubation with ^H-labeled 18:1-LPA. 

Figs. lOA, lOB, IOC and lOD are gr^hs showing the elution profiles of ^-18:1-LPA, 
with and without various proteins, fitim a Superdex S7S colunm. 

Fig. 1 1 is a bar graph depicting the effect of polyethylene glycol (PEG) molecular weight 
30 onprotectionofC3H/10TViceUsfit)mserumdeprivationat 1 niMtnthepresenceaiidabsenceof 

1.5 /iM 18:1-LPA. PEG of molecular weigjits 200, 1,000, 3,000, 6,000, 8,000, 20,000 and 
35,000 were used. 
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Fig. 12 is a bar gn^ih depicting the efifect of the actual infi^ 
at risk in the pig heait model treated with omtrol (solid bar), PEG 20L (striped bar) and a dose 
of Five PhosphoUpid Mixture and PEG (gray bar - labeled *TEG + Elirex^O- 

Fig. 13 is a graph depicting ibis prevention of cardiomyocyte death induced by 
senun/gluoose deprivation by PEG, Five Phospholipid Mixture (referred to in the figure as 
'"Elirex") and a mixture cf PEG and Five Phospholipid Mixture. The squares represent no PEG, 
die circles represent 0.3% PEG and the triangles represoit 2% PEG. 

Fig. 14 is a graph depicting the treatment ofrat neonatal cardicunyocytes with PEG plus 
Five Phospholipid Mixture (closed circles) and PEG plus 18:1-LPA (open circles) following 
ischemia to evaluate tiie effect of treatment on cardiomyocyte death induced by ischemia and 
reperfiision. The amount of LPA corresponds to its quantity in the indicated amount of Five 
Phospholipid Mixture. 

Fig. 15 is a bar graph depicting the actual inferct size conq>ared to the area at risk in the 
dpg heart model treated with placebo (solid bar), a mixture of superoxide dismutase (SOD) and 
catalase (striped bar) and a dose of the combination of Five Phospholipid Mixture (12.S_(g/kg) 
and PEG (25_mg/kg) (white bar). 

Fig. 1 6 is a bar gnq)h depicting the actual inferct size con^Kued to the area at risk in the 
rat heart model treated with placebo (solid bar) or a dose of the combination of Five Phospholipid 
Mixture and PEG (gray bar, listed in key as "APM/PEG*0 . 

DETAILED DESCRIPTION OF THE INVENTION 
It has now been found that lysophosphatidic acid is the major active component of 
phosphohpid mixtures extracted firom plants that have anti-apoptotic activity. Tbis invention 
encompasses methods of use of ther^>eutically effective con^x>sitions containing lysophosphatidic 
acid, its analogs and derivatives (collectively *XPA"), which have been found to exhibit 
anti-apoptctic activity and to preserve or restore cell, tissue and organ function. 

'Treating apoptbsis" is herein defined as administering to a cell, tissue, organ or organism 
exhibiting apoptosis, or at risk of apoptosis, a treatment to effect beneficial or desired clinical 
results, including, but not limited to preventing or diminishing apoptosis. 
L COMPOUNDS OF THE PRESENT INVENTION. 

Although phospholipid structures are weU defined in the literature, they can vary with 
respect to lipid chain length and saturation, 'lysophosphatidic adds" or *XPAs" as used herein 
shall encon^>ass the following structures and descriptions and will also include related structures 
known in the art provided they are effective in producing thers^ieutic resfxsnse. 
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A. Structures of compounds of the present invention. 
LPA has the following general structure: 




(DQ 



O" 



An LPA is an acid in which only one of die hydroxy 1 groups of the glycerol is esterified 
toafittyacid. LPA is a phosphatidic acid in which the 2 carbon is not esterified and the 3 carbon 
is bound to the O-PO3H2 group, or, in the case of the salt, one or more hydrogens are replaced, for 
exanq)le with Na^. The I carbon will contain an acyl ester of fiitty acids. 

The tenn^UB^ is used inreferenceto the various structures hereintodescribethe number 
of unsaturated carbon atoms in R. For example, if R is 18 and UB is 1, R contains 18 carbon 
atoms, with 1 unsaturated bond. Some LPA analogs are also referred to herein as R:UB-LPA (i.e. 
18:1-LPA, wherein R is 18 carbon atoms with 1 unsaturated bond). 

As used herein, LPA includes LPA having any one of a variety of fotty acids esterified at 
the CI position. Examples include LPA wherein the fioty acid ester is lauiyl,myristyl,palmityl, 
stearyl, palmitoleyl, oleyl or linoleyl. (In structure I, above, the composition where R is 18 and 
UB is 1, shaU herein be referred to as ''18:1-LPA"). For a represoitative example of suitable 
phospholipids see any chemical catalog of a phospholipid supplier, for instance, the (1994) Avanti 
Polar Lipids Inc. catalog, particularly pages 14 and 21. 

R can be an unsubstituted or substituted, saturated or unsaturated, straight or brandied 
chain alkyl having firom about 10 to about 24 carbcm atoms. For all of the structures referenced 
herein, R can have between 0 and (n-2)/2 unsaturated bonds, wherein n is the number of carbon 
atoms in R. Substitutions include, but are not limited to, halogen, hydroxy, phenyl, amino or 
acylamino. 

As used herein, *'LPA" also oicompasses LPA analogs. Given the examples provided 
herein, it can be determined readily if an LPA analog exerts sufiBcient anti-apoptotic activity to be 
suitable for the uses contmiplated herein. A wide variety of LPA analogs are known in die art and 
many of these can be purchased firom commercial sources such as Avanti Polar Lipids Inc. 
(Alabaster, AL), or they can be synthesized by methods known in the art. 

LPA analogs include, but are not limited to, the following structures: 
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or a cyclic phosphate derivative tiiereof having the stroctuie: 

or pharmaceutically acceptable salts thereof wherein each X is independently O or S ; M 
is P or S, where wlien M is S, one W is (=0); each W is indepoidently SH, OIU 
OCH2CH(NH2)C02H. OCHCH3CH(NH2)C02H, OPO3H2, or OPOjHOPOaH^, vvbcxc if one W 



W 

is OVOjH2 or OP02HOP03H2, the remaining W is OH; Z is OH, SH, NH^, halogen, OPO3H2, H, 



0(CH2)bCH3 vrfiere }y=0 to about 2, or SOjH; R is unsubstituted or substituted, saturated or 
unsaturated, straight or branched-chain alkyl having from preferably S-7, more preferably 8-10 
and most preferably, about 10 to preferably 24-30, more preferably 24-28 and most preferably 
about 24 carbon atoms, or ((CH3)„0)p(CH2)nW where p is an integer from 1 to about 900 and 
where eadi m is independently an int^r from 2 to about 1 0 and W is OH, or 0(CH2)qCH3 where 
q is an integer from 0 to about 10; YisOorS; and n is an integer fixmi 0 to about 10. Preferably, 
R is between aboutlO and 24, UB is 0-1 1, and mixtures thereof More preferably, R is between 
about 14 and 20, UB is 0-6, and mixtures thereof Even more preferably, R is between about 16 
and 18, UB is 0-3, and mixtures thereof Most preferably, R is 18, UB is 1 or 2, and mixtures 
thereof 

Methods of preparation of substitutions at the phosphate group of LPA have been 
described, and are included herein. Tokumura et al. (1981) J._PharnL_Exp.jrherap, 
219:219-224. 

Also included in LPA analogs are ethers and thioethers at the CI position having the 
structure: 




(X) 




(XI) 
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z o 

i II 

R -X-(CH^^ "CH'-CH^ ^Y-M-W 



(xn) 



w 



or a cyclic phosphate derivative thereof having the structure: 



O 



(xni) 



or phannaceutically acceptable salts thereof, wherein X is O, S, or CHj; M is P or S, 
where when M is S, one W is (=0); each W is independently SH, OH, OCHjCHCNHOCOjH, 
OCHCH3CH(NH2)C02H, OPOjHj, or OPOjHOPOjHj, where if one W is OPO3H2 or 
OPOjHOPOaHs, the remaining W is OH; Z is OH, CHjOH, SH, NHs* halogen, OPO3H2, H or 
SOaH; R is unsubsdtuted or substituted, saturated or unsaturated, straight or branched-chain all^l 
havmg from preferably 5-7, more preferably 8-10 and most preferably, about 10 to preferably 
24-30, more preferably 24-2 8 and most preferably about 24 carbon atoms, or ((CH2XBO)p(CH2XnW 
vdiere pis an integer firom 1 to about 900 and ^^iiere each mis independently an integer from 2 to 
about 10 and Wis OH, or 0(CH2)qCH3 wiiere q is an integer firom Oto about 10; Y is O or S; and 
n is an integer from 0 to about 10. Simon et al. (1982) Biochem, Biophys, Res, Comm. 
108:1743-1750. 

Preferably, R is between aboutlO and 24, UB is 0-11, and mixtures thereof. More 
preferably, R is between about 14 and 20, UB is 0-6, and mixtures thereof. Even more preferably, 
Ris between about 16 and 18, UB is 0-3, and mixtures thereof. Most preferably, R is 18, UB is 
1 or 2, and mixtures thereof. 

Also included are glycero LPA analogs having the structure: 




(XIV) 
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or a cyclic phosphate derivative thereof having the structure: 
X V X O 



\ III (XV) 



or phaimaceutically acceptable salts thereof, v^ierein each V is independmtly OH, SH, 
H, NH2, halogen, OP03H2, or OSOaH; each X is independently O or S; M is P or S, where when 
M is S, one W is (=0); each W is independently SH, OH, OCnjOlQm^CO^ 
OCHCH3CH(NH2)CO^ OPOaH^, or OPO2HOPO3H2, wheie if one W is OPOji^ or 
OP02HOP03H2, the lemaining W is OH; Z is OH, SH, NHj, halogen, OPO3H2, H or SOjH; R is 
unsubstxtuted or substituted, saturated or unsaturated, straight or branched-cfaainalkyl having fixmi 
preferably S-7, more preferably 8-10 and most preferably, about 10 to preferably 24-30, more 
preferably 24-28 and most preferably about 24 carbon atoms, or ((CH2)pO)q(CH2)pV where q is 
an int^er finom 1 to about 900 and where each p is independently an integer fitxm 2 to about 10 
and V is OH, or 0(CH2)bCH3 where b is an integer from 0 to about 1 0; Y is O or S; n is an integer 
fiom 0 to about 1 0 ; and m is an integer from 0 to about 1 0 . Preferably, R is between about 1 0 and 
24, UB is 0-11, and mixtures thereof. More preferably, R is between about 14 and 20, UB is 0-6, 
and mixtures thereof. Even more preferably, R is between about 16 and 18, UB is 0-3, and 
mixtures thereof. Most preferably, R is 18, UB is 1 or 2, and mixtures thereof. 

Also included are LPA analogs containing an amide bond and having the structure: 

O Z O 

II I i 

R-C -NH-iCH^X -CH-CH^ (XVI) 

W 
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or a cyclic phosphate derivative thereof having the stnictuie: 



O I O , 

II I I (xvn) 

or the reverse amide [structures XVI and XVII, havipg R-NH-C (=OHCH2)n- in place of 
R-C(=0)-NH-(CH2)„-]( NH-CH2)„-] or pharmaceutically acceptable salts tfiereof, wherein Z is 
OH, SH, KHj, halpgen, OPOjHj, H or SOjH; M is P or S, w*ere v^en M is S, one W is (=0); 
each W is independenUy SH, OH, OCH2CH(NH2)COzH, OCHCH3CH(NH2)C02H, OPOjHj, or 
OPOjHOPOsHi, where if one W is OPOjH^ or OPOjHOPOjHi, the remaining W is OH; R is an 
amino acid side diain or a brandied amino add side chain, or an alkylated amino acid side diain, 
unsubstituted or substituted, saturated or urisaturated,strai^ or branched-chainalkyl having from 
preferably S-7, more preferably 8-10 and most preferably, about 10 to preferably 24-30, more 
preferably 24-28 and most preferably about 24 carbon atoms, or ((CH3XaO)p(CH3)„W v^re p is 
an integer fitrni 1 to about 900 and vriiere each m is independently an integer from 2 to about 10 
and W is OH, or 0(CH2)qCH3 where q is an integer from 0 to about 10; Y is O or S; and n is an 
integer from 0 to about 10. Preferably, R is between about 10 and 24, UB is 0-11, and mixtures 
thereof. More preferably, R is between about 14 and 20, UB is 0-6, and mixtures thereof. Even 
more preferably, R is b^een about 1 6 and 1 8, UB is 0-3, and mixtures thereof Most preferably, 
R is 18, UB is 1 or 2, and mixtures thereof. 

Also included are ''bis" LPA compounds, having the following structure (I), 

M 

il 

W-P-OH (I) 
I 

W 

wherein M is O or S, each W is independently selected from one of the following structures (XI, 

xn, xm, XIV); 
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X z 

II I 

R -C-X-{CH^„ -CH-CH^ -Y 



R-jr-(C»j)„ -CH-CH^ -Y 



X V Z 

II I I 

R -C -L -(CH^„ -(CH)„ -CH-CH^ -Y 



(IV) 



O 



I 



K-C -NH -{CH^„ -CH-CH^ -Y 



(V) 



wherein Y is O or S; R is unsubsdtuted or substituted, saturated or unsaturated, straight or 
branched-cbain alkyl having from preferably 5-7, more preferably 8-10 and most 
preferably, about 10 to preferably 24-30, more preferably 24-28 and most preferably 
about 23 carbon atoms, or ((CH2)pO)q(CH2)pT where q is an integer from 1 to about 900 
5 and vAere each p is independently an int^er fiom 2 to about 10 and T is OH, or 

0(CH2)bCH3 where b is an integer from 0 to about 10; each V is independoitly OH, SH, 
H,NH2, halogen, OPOaHj, or OSOjH; n is an integer from 0 to about 10; m is an integer 
from 0 to about 10; Z is OH, SH, NHj, halogen, OPO3H2, H, OiCH^Cli^ where b=0 to 
about 2, or SO3H; L is indq^endently O, S, CHj and X is independently O or S; or a salt 
10 thereof. 

Also encompassed by the term LPA are the confounds herein referred to as "reverse 

est^-LPA" or "reverse thioester-LPA^ wherein the R.C(==0)-0-CH2- group is replaced by 

R-CH2-0-C(=0). in Structure X, and viiierein the R-C(=X)-X.(CH2)„- group is replaced by 

R-(CH2)„-X-C(=X)- in Structure X, XI, XIV, XV, H, and IV. 
IS In all analogs omtaining W, it is preferred that W is not ethanolaxnine, glycerol, or choline. 

In the above structures, where one W is SH, some molecules will exist as resonance 

structures, alternating between the (=0) and (=S) structures. 
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Naturally occurripg derivatives are also enconqiassed in the term ^LPA.** Sudi derivatives 
include, but are not limited to, PHYPLA or cLPA. Murakami-Murofiishi et al. (1992) J. BloL 
Chem. 267:2 15 12-215 17. Cyclic derivatives can also be synthesized by methods known in tibe art. 

Pharmaceutically acceptable salts of the phospholipids mconqiassed by Hqq present 
invention, include, but are not limited to, the free acid form, alkali metal salts, such as sodium and 
potassium; alkaline earth metal salts, such as calcium and magnesium; non-toxic heavy metal salts; 
ammonium salts; trialkylammonium salts, such as trimethyl-ammonium and triedi^iammonium; 
and alkoxyammonium salts, such as triethanolammonium, tri(2hydroxyeti[i34)ammoniuni, and 
trometfaamine (tris(hydroxymethyl)aminomethane). Particularly preferred are sodium and 
ammonium salts. 

B« Obtaining compounds of the present invention* 

The phospholipids can be obtained fix>m any source including, but not limited to, 
commercial, isolated finom a variety of dififerent plants (including plant organs) and animals or 
created synthetically. Preferably the plants are in the soybean fiunily, but the phospholipids can 
be isolated from other plants including, but not limited to, those in the leguminosae (beans and 
peas etc.). The phospholipids can also be isolated fiom partiaUy piuified plant extracts including, 
but not limited to, soy molasses, leci&in (fluid, deoiled or other forms), partially purified protein 
concentrates, partiaUy purified protein hydrolysates, defotted soy flakes, refined soy oils, soy grits, 
soy flours and other soy fractions from \^ch lipids can be extracted. It is within the skill of one 
in the art, utilizing the methods described herein, to determine vAiether the phospholipids of the 
present invention can be isolated from a particular species of plant, plant extract or organ widiin 
a plant. In addition, U.S. Patent No. 3,365,440 describes extraction of lipids from soybeans. U.S. 
Patent Nos. 5,567,425; 5,602,885; 5,624,675; 5,635.186; 5,635,187 have further general 
descriptions of a variety of techniques usefiil for the present invention. 

The phospholipids can be obtained from plant sources by any method known in the art 
provided it results in purification of at least one of the phospholipids of the invention. A variety 
of methods are known in the art for purifying and analyzing phospholipids fcom plant sources. For 
review, see Bligh and Dyer (1959) Can, J. Biochem. Physiol 37:91 1-917; Patton et al. (1982) J 
Lipid Res. 23:190-196; Jungalwala (1985) Recent Developments in Techniques for Phospholipid 
Analysis, in Phospholipids in Nervous Tissues (ed. Eidibeig) John Wiley and Sons, pp. 1-44; 
Hamilton et al. (1992) in the series, A Practical Approach (Rickwood et al. eds.) IRL Press at 
Oxford University Press; and Kates (1986) Techniques of Lipidology: Isolation, Analysis and 
Identification in Laboratory Techniques in Biochemistry and Molecular Biology (Burdon et aL 
eds.) Elsevier. 



SUBSTITUTE SHEET (RULE 26) 



wo 99/47101 



PCT/US99/05943 



20 

Phospholipids can also be derived fiom animal sources. Preferably, tibe animal is a 
mammal. Even more preferably, the phospholipids are derived fiom liver cells. Such 
phospholipids are commercially available or can be purified fiom animal tissue by methods known 
in the art, for instance fiom animal and egg lecidiin or fiom the oonqxisitions described in WO 

S 95/15 173. Phospholipids in general, and LPAs in particular, can also be derived fiom blood. 

The phospholipids of the invention can also be synthesized by methods known in the art. 
Suitable semi-synthetic phospholipids and their syndiesis are described in Kates, Te ch ni q ues of 
Lipidology ( 1 972). A synthesis of iysophosphatidic acid is described in W. Sto£^ and G.D. Wol^ 
Chemische SynOiese von l-0-I3HlPalmito>d-Irglycerin-3-phosphate (L-3>Lysophosp h at id sau re ), 

10 Chem. Ber .. 347 (1966) 94-101. The synthesis of various cyclic phosphate LPAs is described in 

AJ. Slotboom, etal., gynthp^gig of T y^phnsphoglycerides, Chem. Phvs. Lipids. 1 (1967) 3 17-336; 
PCT Publication No. WO 92/21323; and US Patent 5,565,439. The synthesis of a phosphcuiate 
analog of l-O-hexadecyl-2-O-methyl-glycero-phosphate is described in Z. Li, et al., Phosphraate 
isosteres of phospholipids. Tetrahedron Lett .. 34 (1993) 3539-3542. 

15 Procedures for synthesis of fimctiooalized glycerol ether derivatives ^^ch can be used in 

the synthesis of conqxnmds suitable for use in the present invention are described in K. Agarwal, 
et al. Synthesis of carbamyl and ether analogs of phosphatidylcholines, Chem. Phvs. Lipids. 39 
(1984) 169-177,andll EiblandP.Woolley, A general synthetic method for enautiomerically pure 
ester and ether lysophospholipids, Chem. Phvs. Lipids. 47 (1988) 63-68. 

20 The preparation of l-0-benzyl-2-deoxy-2-bnMno glycerol, a starting material far the 

synthesis of 2-bromo LPA Compound 37, is described in W.L.F. Armarego, B. A, Milioy and W. 
Pradergast, A highly stereospecific synthesis of (R)- and (S)-[2-2Hl]glycine, J.C.S. Perkin I, 
(1976) 2229-2237. 

The synthesis of 2-deoxy-2-bromo-phosphatidyldioline is described in C.J. Lacey and 
25 L.M. Loew, Phospholipid synthesis based on new sequential phosphate and carboxylate ester bcmd 

formation steps, L Org. Chem .. 48 (1983) 5214-5221. 

The synthesis oifbisphosphatidic acid and its conversion to bis-iysophosphatidic acid using 
phospholipase A2 from pig pancreas is described in Q. (Juan Dang, et al.. Synthesis and 
identification of bis(diacylglycero)phosphoric acid and bis(monoacylglycero)phosphoric acid, 
30 Lipids. 17 (1982) 798-802, and Q. (Juan Dang and L. Douste-Blazy, Synthesis and stereochemical 

study of some biologically relevant phosphoglycerides: dicarboxylic phosphatidyl diolines and 
bis(diacylglycefo)phosphoric acids. Phosphorus and Sulfur. 18 (1983) 377-380. 

A method for the preparation of Iysophosphatidic acid or lysophosphatidat^ by reacting 
glycidyl esters with anhydrous phosphoric acid is described in US Patent 3,423,440. 
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A synthesis of lysothiophosphatidic acid is described in N.V. Heeb and K.P. Nambiar, 
Synthesis of (RHysothiophosphatidic acid and (R)^ophosphatidic acid. Tetrahedron Lett . 34 
(1993)6193-6196 

The preparation of LPA amide analogs and 2-deoxy LP A plus various derivatives is 
5 described in D.W. Hopper, et al.. Facile synthesis of lysophospholipids containing unsaturated 

fatty acid chains, Tetiahedron Lett .. 37 (1996) 7871-7874; and K.R. Lyndi, et al.. 
Structure/activity relationships in lysophosphatidic acid: the l-hydroxyl moiety, Mol. Pharmacol .. 
52(1997)75-81. 

The following papers describe synthetic rcHites wiiich can be used for the synthesis of 

10 additional LPA analogs: M. Fuji, et al., A stereoselective and highly practical synthesis of 

cytosolic phospholipase A2 substrate, 2-S arachid(moyH-04iexadecyl-sn4hiogIycero-3-0- 
phosphocholine, J. Org. Chem .. 62 (1997) 6804-6809; (Strategy for the preparation of 
2-thioglycero phosphocholines and guidance for the synthesis of 2-deoxy-2-thiol LPA); and A. 
Maikowska, et al., Etheranaloge der Thio- und Dithiophospholipide mit C-S-P-Bindung, Liebigs 

15 Ann. Chem .. (1993) 1327-1329 (syndesis of l-0-hcxadecyl-2-0-mediyl-3-thioglycero-3- 

phosphodiolineand l-S4iexadecyl-2-OHnetfayl-l,3-dithicglycen>-3-phosphocholine, guidance for 
the preparation of LPA analogs containiiig sulfor linked phosphates). 

Various degrees of purity of the phospholipids can be used. Purity can be assayed by any 
method known in the art such as two dimensional TLC or HPLC and assayed for total lipids, 

20 phospholipids or phosphate. Various suitable methods are outlined in Kates (1972). Preferably, 

the phospholipids must be of sufiBdent purity such that, v/hm mixed at a total concentration of 
about 10 mg/mL, the mixture can be sonicated as described below to provide a relatively 
translucent solution. Preferably, the phospholipids are at least 90% pure, more preferably, they 
are at least 95% pure and, most preferably, they are at least 99% pure. 

25 Hie references cited herein are incorporated by reference in their entirety. 

C. Potentiating Components. 

One fector that can influence the ther^>eutic activity of the compositions of the present 
invention is the presence of a potratiating component. Under certain conditions LPA alone has 
displayed mitogenic activity and a short half life In vivo and under certain storage conditions. The 
30 present invention provides novel compositions in which one or more potentiating components are 

combined with LPA that have been found to potentiate the therapeutic activity of LPA. A 
*^>otentiating component" is defined as a molecule which potentiates the therapeutic activity of 
LPA. Potentiating components include, but are not Umited to, proteins, other phospholipids. 
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polyethylene glycols (PEG), Upidmembnmestmcturcfonniiig compounds, poly^ 
polypeptides and polymers. 

In some cases, the presence of calcium has heen found to inhibit the anti-sqxqytotic 
properties of LPA. However, certain potentiating components have proven to counteract the 
5 inhibition by calcium. Therefore, in one embodiment, LPA is presented in combination with a 

potmtiating componeaat such as BSA and/or PEG. Altemative potmtiating components 
appropriate to protect the activity of LPA can be identified by performing a screen as described 
in Example 2, in tiie presence and absence of the polmtiating con^xmeot to be tested. 

An appropriate potentiating component for use in the present invention can easily be 
10 selected by combining the composition to be evaluated with a therapeutic amount of LPA in a 

therapeutically acceptable solution and evaluating the combination for its mitogenic activity, 
storage stability, in vivo half life, and for anti-apoptotic activity by any mediod known in the art, 
including those described herein. If the mixture has acceptable stability, is not tiberapeutically 
unacceptable due to mitogenic activity, and dbplays anti-apoptotic activity, or preserves or 
15 restores ceU, tissue or organ function, the potentiating componmt is appropriate for use in the 

present invention. 

D. Other Phospholipids. 

In one embodiment of the present inventicm, the phospholipids PA; PI; lysophosphatidic 
acid; LPI; and LPC are present in die conq>osition in a nmge of ratios bom 
20 0-20:5-20:2-16:0-4:0-8, respectively. Preferably, these phospholipids are in a ratio of 

s^proximately 2-15:8-15:6-10:2-4:2-8, respectively. Most preferably, these phospholipids are in 
a ratio of ^^proximately 10:10:8:2:4, respectively. 

2. Polyethylene glycol. 

In one embodiment of the present invention, LPA is combined with PEG prior to 
25 therapeutic use. PEGs constitute a diverse group of molecules. Only those that potentiate the 

ther^utic efiKcacy of LPA are encon4>assed herein. It is within the skill of one in the art to 
determine \diether a particular PEG is suitable for use in the claimed compositions. Such a 
determinaticm can be made, for instance, by the methods described herein. Polyethylene glycol 
("PEG"), ((-Hydro-(-4iydroxypoly (oxy-l,2'ethanediyl)), is known by numerous designations 
30 including macrpgel; PEG; Carbowax; Jeflfax; Nycoline; Pluracol E; Poly-G; Polyglycol E; and 

Solbase. PEG refers to the liquid and solid polymers of the general formula H(OCH2-CH2)„OH, 
where n is greater than or equal to 4. In general, each PEG is followed by a number vMch 
corresponds to its average MW. PEG syndeses are described for instance in Hibbert (1939) J. 
Am. ChenL Soa 61:1905-1910. For review, see also, P weU, ffl mHandbook of Water-Soluble 
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G^iiwcfe/?e5//w,R.L. Davidson ed. (McGraw-Hill, Nw rk, 1980)pp, 18/1-18/31. PEGshave 
found use as water-soluble lubricants for rubber molds, textile fibers, and metal-fonning 
operations, in food and food packaging, in hair prq>arations and in cosmetics in gmeral and as 
ointment and suppository bases in phannaceutical compositioos. 
5 Typically, PEGs are clear, viscous liquids or white solids that dissolve in water to foim 

transparent solutions. They are soluble in many organic solvents and readily soluble in aromatic 
hydrocarbons. They are only slightly soluble in aliphatic hydrocarbons. Typically, they do not 
hydrolyze on storage. PEGs have low toxicity. The molecular weights of PEG compositions listed 
herein are given in number averages rather than weig^ averages. 

10 PEG20M consists of two or more molecules of PEG having approximate molecular 

weights of 6000-10,000 joined by a bisphenol epoxide linker (CAS # 37225-26-6; CAS name 
Qxirane, 2, 2* [(l-methyl-cthylidene)bis(4,l^;)henyleneoxy methyl^)]bis-, polymer with 
(-hydro-(-hydroxypoly(oxy-l,2-ethanediyl). PEG20L is a substantially linear PEG having an 
average molecular weight of about 20,000 Daltons (available firom several commercial sources 

IS including, but not limited to, Clariant/Hoechst Celanese, Ruka and Nippon Oils and Fats). The 

molecular weights of PEG compositions listed herein are given in number averages rather than 
weight averages. Various other molecular weights of linear PEG are also available from several 
commercial sources. 

More recently, PEG has been used in a number of pharmacologic applications. The 
20 conjugation of PEG to foreign proteins, sudi as cytokines and antibodies, reduces the immune 

response triggered when the proteins are administered into test mammals. U.S. Patent Nos. 
5,447,722; 4,902,502; 5,089,261; 5,595,732; 5,559,213; and 4,732,863. Conjugation to PEG 
also increases the solubility and biological half-life of cytokines. WO 8700056 and U.S. Patent 
No. 5,089,261. Conjugates of PEG and glucocerebroside have been fonnulated for treating 
25 Gaucfaer's disease. WO 9413311. PEG has also been conjugated to such enzymes as adenosine 

deaminase, amidase bovine and asparaginase, for tfaers^^eutic use. See Delgado et al. (1992) Crit 
Rev, Then Drug. Carrier Syst 9:249-304; and Bumham (1994) Am, J, Hasp, Pharm, 
51:210-218, forreview. 

The invention forther encompasses con^sitions caiiq>rising therapeutically effective 
30 amounts of LP A and PEG. In compositions comprising LPA and PEG, the PEG to LPA weight 

ratio is sudi that the LPA therapeutic activity is pot^itiated by the PEG. Typically, the PEG to 
LPA weight ratio of the con^>osition is preferably 1-100,000: 1 and most preferably 1 0-10,000: 1 . 

PEG can be in the molecular weight range fiom about 6,000 to about 500,000. 
Preferably, the PEG has an average molecular weight of about 8,000 to about 40,000. More 
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preferably, the PEG has an average molecular weight of &om about 20,000 to about 40,000. Most 
preferably, the PEG has an average molecular ^veig^ of 20,000. Even more preferably, the PEG 
is 20L PEG. By 'TEG20L" is meant a substantially linear PEG having an average molecular 
weight of about 1,000 to 100,000 Daltons, preferably about 8,000 to 35,000 Daltons, and most 
5 preferably about 20,000 Daltons. By ^ear PEG" or ''linear polymer" is meant that each PEG 

molecule comprises a single polymeric subunit without molecular linkages such as those found in 
PEG20M. PEG of 35,000 molecular wd^ is also preferred. PEGof higher molecular weight 
may have clearance problems \Aien administered in vivo. Huis, PEG of molecular weight greater 
than 35,000 is preferably used in compositions for topical delivery. 

10 With referwice to PEG20L, "linear PEG" or 'linear polymer" means that each PEG 

molecule comprises a single subunit without molecular linkages. By '^having an average molecular 
weight of about 20,000 Daltons" is meant that individual linear polymers can vary in length, but 
the average molecular weight is about 20,000 Daltons. Those skilled in the art will ^preciate that 
synthetic polymers such as PEG cannot be prepared practically to have exact molecular weights, 

15 and that the tsitn "molecular weight" as used herein refers to the average molecular weight of a 

number of molecules in any givm sample, as commonly used in the art. For exan^ile, a sanq>le 
of PEG 2,000 might contain a statistical mixture of polymer molecules ranging in weigjht fiom, for 
example, 1,500 to 2,500 Daltons with one molecule differing sligihtly from the next over a raqge. 
Specification of a range of molecular weight indicates that the average molecular weight can be 

20 any value between the limits specified, and can include molecules outside those limits. Tlie 

molecular weight distributicm of a PEG can be detemiined by gel permeation chromatogrs^hy 
(GPC), a technique known in the art, using, for example, a combination of columns to achieve 
resolution fi^om 1,000,000 to 200 molecular weight. PEG standards firom 100,000 to 1,400 
molecular weight can be used for calibration. 

25 PEG20L is supplied as a vMXg flake, and is readily soluble in water. The oxidation rate 

of PEG is dependent on storage conditions including: (1) tenq)erature; (2) exposure to light; and 
(3) the availability of oxygen. 

Selection of the ^propriate PEG depends on the intended use and can be readily 
detennined by those skilled in the art. 

30 By "anoxically" is meant the reduction of ambient oxygen, a condition which can be 

maintained by purging with argon or nitrogen gas, and then packaging in a gas-impervious 
container. The absence of oxygen need not be total. Preferably, it is below about 1 0% of the total 
gas present in the sample. More preferably, it is bel w about 1% of total gas present in the 
sample. 
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Preferably, PEG is present in an efi&cdve concentration and is essentially free f 
impurities. By "impurities** is meant the products produced viioi PEG is oxidized. In add it i o n, 
small molecular firagments are formed sudi as formate, methyl formate, for m aldehyde, 
acetaldehyde, etc., all of which are defined here as impurities. These inqiurities can be removed 
5 by any method known in the art, including, but not limited to, dialysis, wiiich removes not <mly 

small molecular impiuities such as formaldehyde, but also removes hydroperoxides, as evidenced 
by spectrophotometry. In order to determine the efifectiveness of dialysis, conductivity is 
measured. When dialysis is effective, conductivity drops markedly to 10-20 microsiemens. 

Removal of impurities by dialysis can be performed through a Cellulose Acetate Hollow 

10 Fiber Dialyzer (Baxter Model CA 110) but the same procedure can also be perfomned by 

Ultrafiltration using a Rpgenerated Cellulose Ultrafiltration Membrane or a Polyethersulphone 
Ultrafiltration Membrane or using other dialysis methods known in the art. The membrane should 
have a molecular weight cut o£f of approximately 20,000 Daltons to allow renuyval of impurities, 
metals and other contaminants. 

15 By ^therapeutically effective amount" is meant an amount sufficient to effect beneficial 

or desired rltnir^l results. A then4>eutically effective amoimt can be administered in one or more 
administrations. 

Preferably, PEG is present in a therapeutically effective amount. In the case of OPS, an 
effective amount is the amount required to improve the ability of an OPS to preserve organs. 
20 In the case of ccxnpositions comprising LPA and PEG, v/hcre the compositions include 

other phospholipids, the preferred composition is where phospholipids are combined in a ratio of 
about 10:10:8:2:4 by weight. A ratio of "about" means that the ratios of the phospholipids can 
range sq)proximately up to 15% but preferably not more than 5%. More preferably, the ratios are 
within ±0.5%. 

25 Just as PEG has been used as a potentiating con^nent for therapeutic agents, so the 

capacity of other macromolecules and macromolecular stru^ures to serve as potentiating 
components has been explored. Included among these are various lipid membrane structures and 
proteins. 

3. Lipid Membrane Structures* 

30 Lipid membrane structures (LMSs), including liposomes, micelles, multilamellar vesicles 

and cellular membrane isolates, have been used as vehicles for delivering therapeutic agents. U.S. 
Patents 5,045,530; 5,141,751; 5,100,662; 5,292,499; 5,213,804; 5,449,513; 5,190,822; 
5,540,925; and 5,395,619. LMSs are lamellar lipid particles vrtierein polar head groups of a polar 
lipid are arranged to fece an aqueous phase of an inter&ce to form membrane structures. 
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As used herein, a "liposome*' or **iipid vesicle" is a small vesicle bounded by at least one 
and possibly more than one bilayer lipid membrane. Liposomes are conq)letely closed lipid bilayer 
membranes which contain entrapped aqueous volume. Liposomes are vesicles whidt can be 
iintl^^Har (single membrane) or multilamellar (onion-like structures characteri23ed by mutttple 
membrane bilayers,eadisq>arated from tiie next by an aqueous layer). The bilayer is conqxised 
of two lipid monolayers having a l^drophobic **tsdr^ region and a hydrophilic ''head" region. In 
the membrane bilayer, the hydrophobic (nonpolar) ^^tails" of the lipid monolayers orient toward 
the center of the bilayer, vdiereas the hydrophilic (polar) **heads" orient toward the aqueous phase. 
The basic structure of liposomes can be made by a variety of techniques known in the art 

These lipid vesicles are made artificially fiom phospholipids, glycolipids, lipids, steroids 
such as cholesterol, bolaamphiles related molecules, or a combination thereof by any technique 
known in the art, including, but not limited to sonication, extrusion, or removal of detergent fiom 
lipiddetergent complexes. A liposome can also optionally comprise additional components 
associated with the outer sur&ce, such as a tissue targeting conqxment. It is understood that a 
'"lipid membraxie" or "lipid bilayer" need not consist exclusively of lipids, but can additionally 
contain any percentage of other components, including, but not limited to, cholesterol and other 
steroids, proteins of any length, and other amphipathic molecules, providing the general structure 
of the membrane is a sheet of two hydrophilic sur&ces sandwiching a hydrophobic core. For a 
general discussion of membrane structure, see The Encyclopedia of Molecular Biology by J. 
Kendrew (1994). Suitable lipids include, but are not limited to, those discussed in Lasic (1993) 
'^Liposomes: ftom Physics to Applications** Elsevier, Amsteidam.The lipid bilayer making up the 
liposome can comprise phospholipids, glycolipids, steroids, and their equivalents . The lipid bilayer 
can also be made of amphipathic proteins and lipidsoluble chemicals. Prefisrably, a conqx>sition 
is chosen that allows the membrane to be formed with reproducible qualities, such as diameter, and 
is stable in the presence of elmients expected to occur where the liposome is to be used, such as 
physiological buffers and circulating molecules. Preferably, the liposome is resilient to efifects of 
manipulation by storage, fi-eezing, and mixing with pharmaceutical excipirats. 

Lipids suitable fbr incorporation into lipid membrane structures include, but are not 
limited to, natural, semi»synthetic or synthetic mono- or di-glycerophospholipids includiiig 
phosphatidylcholines, phosphatidylethanolamines, phosphatidylglycerols, phosphatidylinositols, 
phosphiatidic acids, phosphatidylserines, glycero- and cardiolipins. Sphingolipids such as 
sphingomyelin and cerebrosides can also be incorporated. While natural phospholipids occur with 
the phospho moiety at the 5/7-3 position and hydrophobic chains at the sn-l and sn-2 positions, 
synthetic lipids can have alternative stereochemistry with, e.g., the phospho group at the sn-l or 
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sn-l positions. Furthennore, the hydrophobic chains can be attached to the glycerol backbone by 
acyi, ether, alkyl or other linkages. Derivatives of these lipids are also suitable for incorporation 
into liposomes. Derivatives suitable for use include, but are not limited to, haloalkyl derivatives, 
including those in which all or some of the hydrogen atcmis of the alk)d chains are substituted with, 
5 for example, fluorine. In addition, diolesterol and other amphipathic steroids, bolaaii^>hiphiles 

(lipids with polar moieties at either end of the molecule which form monolayer membranes) and 
polyglycerolmoooalkylthers can also be incorporated. Liposomes can be composed of a single 
lipid or mixtures of two or more di£Eerent lipids. 

In one preferred embodiment, the lipid bilayer of the liposome is formed primarily fiom 

10 phospholipids. More preferably, the phospholipid composition is a complex mixture, comprising 

a combmation of phosphatidylcholine (PC), phosphatidic acid (PA), phosphatidylethanolamine 
(PE), phosphatidylglyceiol (PG) and sphingomyelin (SM). The LMS can further con^rise 
additional lipids such as phosphatidylinositol (PI), phosphatidylserine (PS), or cardiolipin 
(diphosphatidylglycerol). If desired, SM can be replaced with a greater proportion of PC, PE, or 

IS a combination thereof PS can opticmally be replaced with phosphatidyiglycerol(PG). Preferably, 

at least PC and PE are included; more preferably, at least tiuee of ^ group PC, PS, PE, and SM 
are included. The composition is diosen so as to confer upon the LMS stability during both 
storage and administration.Each phospholipid described above can vary in its structure depending 
on the fiitty acid moieties tfiat are esterified to the glycerol moiety of the phospholipid. Generally, 

20 most commercially available forms of a particular phospholipid can be used. However, 

phospholipids containing particular fiitty acid moieties may be preferred for certain applications. 

Preferably, the LMS also includes cholesterol or a related steroid to improve the rigidity 
of the membrane. Any amount of cholesterol can be used. A preferred ratio of total cholesterol 
to Upid is between about 0.5 and about 1.2 moles of cholesterol per mole of lipid. More preferred 

25 is a molar ratio of about 0.8 to about 1.2:1; even more preferred is a molar ratio of about 0.9 to 

about 1.1:1; still more preferred is a molar ratio of about 1.0:1.0. Other molecules that can be 
used to increase the rigidity of the membrane include crosslinked phospholipids. 

Other preferred Liposomes for use in vivo are those with an enhanced ability to evade the 
reticuloendothelial system, thereby giving them a longer period in ^^ch to reach the target cell. 

30 Effective lipid compositions in this regard are tiiose with a large proportion of SM and cholesterol, 

or SM and PI. Liposomes with prolonged circulation time also include those that comprise the 
monosialoganglioside GMl, glucuronide, or PEG. For example, cholesterol can be added at the 
ratios indirated above to a lipid mixture consisting of any combination of SM, PI, glucuronide, 
PEG, and other suitable components. 
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Methods of makiiig LMSs are well known in the art. A nund>er of publications describe 
a variety of methods for preparing liposomes of difiGsrait structure and lipid composition. 
Gregoriadis (l9M)Liposomes as Drug Carriers V/Heyj New York; Gregoriadis (l993)Uposome 
Technology 2nd Ed, Vol I: Liposome Preparation and Related Techniques CRC Press, Boca 
5 Raton; Watwe et al. (1995) Curr. Sci, 68:715-724; Vanuri al. (1995) Pharnu Acta Helvetiae 

70:95-1 11; Elorza et al. (1993) J. Microencapsulation 10:237-248; and U.S. Patoits 4,737,323 
and 5,008,050. 

Liposomes can also be provided with molecules at the sur&ce that target Ibem to the cell 
of interest. Such small molecules can be attadied by incorporatixig into the lipid bilayer a 

10 functionalized phospholipid (U.S. Patents 5,052,421 and 5,540,935) or a fimctioaalized cholesterol 

(U.S. Patent 4,544,545). Polypeptides can be attached covalently to the lipid bilayer (EP Patoit 
0036277), to a glycophospholipid (U.S. Patent 5,374,548), to a carboxylated phospholipid (U.S. 
Patent 4,762,915), to a derivatized sterol (U.S. Patent 5,000,960), or to a peptide anchor (U.S. 
Patent 5,109,1 13). Alternatively, if the polypeptide comprises a hydrophobic domain, it can be 

15 incorporated directly into the lipid bilayer, either by forming the liposome in its pres^ice, or by 

performing the liposome and inserting the polypeptide subsequently using a suitable detergent 
Tranum-Jensenetal. {1994) J, Membrane BioL 140: 215-23; EP Patent 0047480; and U.S. Patent 
5,252,348. 

Liposomes have been prepared with nuunmalian-derived peptides such as cytcddnes (U.S. 

20 Patent 5,258,499), transferrin (Stavridis et al.), antibody (Laukkanen et al. (1994) Biochenu 

33:11664-1 1670), asialofetuin and other galactose-terminated side chains (Ishihara(1990)i'Aarm. 
Res, 7:542-546; and Ghosh et al. (1991) In: Liver Diseases, Targeted Diagnosis and Therapy 
Using Specific Receptors andLigands Wu et al., Ed. Marcel Dekker, New York), a fiisogenic 
protein fiom rat brain microsomal membranes (Rakowska et al. (1994) J. Membrane Biol. 

25 142:35-42), and surfectant protein A (Walther et al. (1993) Am, J. Physiol. 265:L330-339). 

Liposomes have been prqiared with artificial peptides, such as a 14^^due amphipatfaic sequence 
which is a fusogenic GALA-type peptide. Puyal et al. (1994) Biochim, Biophys. Acta 
1195:259-266. Liposomes have also been prepared with viral components: forexan^)le,theFand 
G glycoprotdn of respiratory syncytial virus (RSV) (U.S. Patent 5,252,348), reovirus M cell 

30 attachmmt protein (Rubas et al. (1 990)^ Microencapsulation 7:385-395), influenza virus sur&ce 

protein (WO 92/19267; EP 0047480; and Nussbaum et al. (19897)*/ Virol, 61:2245-2252), viral 
membrane fusion proteins, particularly hemagglutinin (WO 95/32706), and the influenza 
honagglutininDIoop andKloop peptides (Friedeetal. (1994) Vaccine 12:791-797).Rapid uptake 
of liposomes in vivo by cells f the reticuloendothelial system has restricted their therapeutic 
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utility. This problem has been overcome by incorpoiation of lipids derivatized with vaiioas 
synthetic polymers, Sot cxampley polyethylene glycol (PEG), polylacdc acid, polyglycolic add, or 
combinations thereof. Woodle and Lasic (1992) ^/ocA/m. Biophys.Acta 1113:171-199;ZaIq>sky 
et al. (1994) FEBS Letters 353:71-74; and U.S. Patait 5,395.619. 
5 The present invention also encompasses compositions comprising micelles and methods 

of using such compositions. Micelles in aqueous solution, both non-ionic, cationic and amonic, 
have be» described in the literature in numerous publications. Mittal (1977) Mcellimtioru 
Solubilization andMicroemulsions Plenum Press, New York; Nfittal (1979) Solution Chemistry 
ofSurfactants Plenum Press, New York; Menger ( 1 977) In Biorganic Chemistry M. Macro- and 

10 Multicomponent Systems Van Tanelen, Ed. Academic Press, New York; and Moiger (1979) Acc. 

Chem, Res. 12:1 1 1-1 17. *'Micelles" is a term ^plied to aggregates vMch form firom tenside 
molecules in aqueous solutions above a specific temperature or a diaracteristic concentraticm. 
This concentration is called the critical micellization concentration, or cmc. When the cmc is 
exceeded, the monomer concentration remains practically constant and the excess tenside molecules 

15 formmicelles. Tliey can occur in various shapes (spheres, rods, discs) depeiidiiig on the chenuc^ 

constitution of the tenside and on the tenqierature, concentration or ionic strength of die solution. 
The micelles have characteristic aggregation numbers with usually only a small distribution spread. 
Pftgnhing thft fftnft « mantfest by abrupt changes in the surface tension^ the osmotic pressure, the 
electrical conductivity and the viscosity. Micelles are thermodynamically stable association 

20 colloids of surfactant substances in whidi the hydrophobic radicals of the monomers lie in tfie 

interior of the aggregates and are held together by hydrophobic interaction; the hydrophilic groups 
face the water and by solvation provide the solubility of the colloid. 

A process for preparing liposomes containing LPA is as foUows. An aqueous dispersion 
of liposomes is prq^ared finom membrane components, sudi as phospholipids (e.g. 

25 phosphatidylcholine, phosphatidylglycerol, sphingomyelin and phosphatidylethanolamine) and 

glycolipids according to known methods as disclosed. Ann. Rev. Biophys. Bioeng. 9:467 (1980). 
The liposomes can further contain sterols (e.g., cholesterol and cholestanol), dialkylphosphates, 
diacylphosphatidic acids, stearylamine, (-tocopherol, etc., in the liposomal membrane. 

An aqueous solution of LPA is added to the liposomal dispersion at a concentration 

30 su£Scient to produce a therapeutically efiGxtive final product. The mixture is allowed to stand for 

a given period of time, preferably under warming at a ten^>erature more than the phase transition 
tenq>erature of the membrane or above 40°C, followed by cooling to produce liposomes containing 
LPA in the liposomal membrane. 
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Alternatively, the desired liposomes can also be prepared by previously mixing the 
above-described membrane con^>onents and LPA and treating the mixture in accordance with 
known methods for preparing hposomes. 

The Upid vesicles can be prepared by any suitable technique known in the art. Methods 

5 include, but are not limited to, microencapsulation, microfluidization, LLC method, ^lanol 

injection, freon injection, the '"bubble" method, detergent dialysis, hydration, sonication, and 
reverse-phase evaporation (reviewed in Watwe et al.). For example, ultrasonication and dialysis 
methods generally produce small unilamellar vesicles, vMlc extrusion and reverse-phase 
evaporation generally produce larger sized vesicles. Techniques can be combined in order to 

10 provide v^icles with the most desirable attributes. One particularly useful method is 

microfluidization. 

The invention encompasses LMSs containing tissue or cellular targeting cofi^xmeots. 
Such targeting components are components of a LMS that enhance its accumulation at certain 
tissue or cellular sites in preference to other tissue or cellular sites when administered to an intact 

15 animal, organ, or cell culture. A targeting component is generally accessible fixsm outside the 

liposome and is, therefore, generally either bound to the outer sur&ce or inserted into the outer 
lipid bilayer. A targeting component can be, for example, a pq>tide, a region of a larger peptide, 
an antibody or antigen binding fragment thereof a nucleic acid, a carbdiydrate, a region of a 
complex carbohydrate, a special l^iid, or a small molecule such as a drug, hormone, or hapten, 

20 attadied to any of tiie aforementioned molecules. 

Attadied to targeting components, the LMSs can be targeted to any cell type that is 
undergoing an inappropriate level of ^x>ptosis. Such cells include, but are not limited to, 
cardiomyocytes, endothelial cells, neuronal cells, hepatocytes, glomerulocytes, lung cells, mucosal 
cells, skin cells, heart ceUs and cancer cells. 

25 LMSs can be targeted to such cell types in various ways. For exaii^)le, a LMS can be 

modified to contain an antibody, or a firagment of an antibody, specific for a cell sur&ce molecule, 
or marker, found solely or primarily on a given cell type. Antibodies with specificity toward cell 
type-specific cell sur&ce markers are known in the art. 

The compositions of the present invention can additionally comprise sur&ctants. 

30 Sur&ctants can be catioruc,aruoriic,arnphiphilic, or noiiionic. A preferred class of surfiictants are 

nonionic sur&ctants; particulariy preferred are those that are water soluble. Nonionic, water 
soluble sur&ctants include polyoxyethylene derivatives of &tty alcohols, &tty acid ester of &tty 
alcohols and glyceryl esters, wherein the polyoxyethylene group is coupled via an edier linkage to 
an alcohol group. Examples include, but are not limited to, polyoxyethylene sorbitan &tty acid 
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esters, polyoxyethylen castor oUderivadves,polyoxyethylenehanlened castor oQde^^ 

acid sodium salts, sodium cholates, polyexyethylene fiitty acid ester and polyoxyediylene alkyl 

ethers. 

4. Proteins* 

5 Proteins other than serum albumin have been characterized or implicated as having fiitty 

acid/lipid binding capabilities. These indude the fetty acid binding proteins (FABPs), the lipid 
binding proteins, long-chain fiitty acyl-CoA (LCFA-CoA) binding proteins, phospholipid transfer 
proteins, and Ca^/lipid binding proteins. Lipid-binding proteins are a &inily of fiitty add and 
retinoid transport proteins. Some are intracellular, fi>r exan^le, ^^^e others are secreted firom ike 

10 cell. Intracellular lipid binding proteins include cellular retinoic acid binding proteins, CRABP 

I and CRABP II, which belong to a fiimily of small cytosolic lipid binding proteins and appear to 
play a role in regulating transport and metabolism of retinoic acid in the developing embryo and 
throughout adult life. Banaszak et al. (1994) Adv. Prot Chem, 45:89-15 1; and Donovan et al. 
(1995) J, Steroid Biochem, Mol Biol. 53:459-465. The lipid-binding protein fimnily indudes 

15 many FABP. The FABP are relatively small proteins (13-15 kDa) capable of binding long-chain 

fiitty acids (LCFA) and their coenzyme A and L-camitine esters. They are believed to have major 
functions in the metabolism of LCFA for energy production or storage, and are abundantly present 
in tissues such as the intestine, liver and heart, which are actively involved in the uptake or 
utilization of LCFA. Bass ( 1993) A/o/. Cell. Biochem. 123:191-202; and Glatzand van derVusse 

20 (1989)A/o/. Cell. Biochem. 88:37-44. A liver form ofFABP has been shown to stimulate eT^rt 

of LPA fix>m mitochondria. Vancura and Haldar( 1992) •/ Biol. Chem. 267:14353-14359. 

LCFA-CoA play an important physiological role in intermediary metabolism of fiOty 
adds,butr6centdatairidicatethattheyalsocanbepotentr^gulatorsofceUfunctions^ LCFA-CoA 
typically exist within a cell bound to membrane lipids and/or proteins. Proteins which bind 

25 LCFA-CoA include LCFA CoA binding protein, FABP and sterol carrier protein-2. Gossett et 

al. (1996) L//?/dr 31:895-918. 

A protein that enhances a therapeutic effect of LPA can be a naturally-occurring or a 
synthetic protein, a protein firagment, orcancontainlipidor sugar moieties. Preferably, the protein 
is a lipid-binding or carrier protein. The protein can contain other modifications including, but not 

30 limited to giycosylatioii, phosphorylation, mynstyiadori,sulfiition and hydros The protein 

can be a hybrid protein, part of which confix the pn^rty of chancing a therapeutic efiEect of 
LPA, and an ther part of vihich confers some other desirable property such as targetiiig to a 
particular ceU type, enhanced i/tv?vo stability, arid the like. Preferred proteins indude, but are not 
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limited to, albutnin, soy and plant proteins, cytochn»ne_C, low density lipoprotein, acyi canier 
protein and alpha&tafrotein. 

Suitable polypqitides include any known in tbe ait. Modified polypeptides contain asxy of 
a variety of modifications, including, but not limited to glycosylaticm, phosphoiylatton, 
S myristylation, sulfioion and hydroxylation. As used herein, a suitable polypeptide is one that win 

protect LPA to preserve its activity. Examples of binding proteins include, but aro not limited to, 
&tty acid binding proteins, albumins sudi as bovine serum albumin (BSA) and pea albumin. 

Proteins active in enhancing anti-apoptotic at^vity of LPA can bind to LPA. **Binding** 
as used herein means that the LPA and the protein finrn non-covalent conq)lexes with one another. 
10 Binding ofa pn>tein to LPA can be determined by a variety ofinethods known in the art, i^ 

a non-denaturing gel electrophoresis binding assay as described in Example_3 or a size shift assay 
as described in Example_3. 

The protein/LPA compositions optionally exhibit a reduction in the mitpgenic activity of 
LPA. Mitogenic activity can be measured by any method known in the art, for instance, 
IS measurement of uptake of ^4hymidine by cells treated with LPA with or without tiie addition of 

protein. 

LPA/protein conqx>sitions of the present invention can be prqpared in a variety of ways. 
LPA and a protein can be suspended in any bioccmipatible buffer, for exaiiq)le, bicarbcmate 
buffered saline, at a ratio ofabout 0.00001% to 10%, more preferably about 0.001% to 1%. The 
20 mixtures can then be sonicated for about 5_minutes or until the mixture is clear or can be sterile 

filtered. 

The protein concentration of the LPA/protein compositions can be from about 0.001 to 
about 50 mg/mL, more preferably fix>m about 0.01 to about 10_mg/mL, even more preferably 
from about 0.05 to about l.Ojng/mL. 

25 The protein component of the LPA/protein compositions of the present invention are 

substantially pure, i.e., the protein is substantially free of lipids, other proteins, or any other 
material that might affect the activity of the LPA/protein complex. Preferably, the protein is at 
least about 75% pure, more preferably at least about 85% pure and still more preferably at least 
about 95% pure. 

30 5. Other Optional Components. 

Suitable polymers can be any known in the art of pharmaceuticals and include, but are not limited 
to, naturally-occuiring polymers such as dextrans, hydroxyethyl starch, and polysaccharides; and 
synthetic polymers. 
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Examples of natundly occurring polymers tndude protems, glycopqitides» 
polysaccharides, dextran and lipids. The additional polymer can be a syndietic polymer. 
Exanq>les of synthetic polymers v/bidx are suitable for use in die present invoition include, but are 
not limited to, polyalkyl glycols (PAG) sudi as PEG, polyoxyethylated polyols (POP) sudi as 
polyoxyethylated glycerol (POG), polytrimethyloie glycol (PTG) polypropylene glycol (PPG), 
polyhydroxyethyl methacrylate, polyvinyl alcohol (PVA), polyaciylic add, polyethyloxazoline, 
polyacrylamide, polyvinylpyrrolidone (PVP), polyamino acids, polyuretfaane and polypbosphazene. 
The synthetic polymers can also be linear or branched, substituted or unsubstitoted, 
homopolymeric, copolymers, or block copolymers of two or more different synthetic monomers. 

The synthetic polymers can have the following generic structure: 

Ri-(X-R2),-R3 (xvm) 

where Ri and Ra are the same or di£ferent and are H, HaC OH, R^ or a reactive group (as 
described below); where Rj is a linear or branched substituted or unsubstituted alkyl group; where 
X is O (in which case the synthetic polymer can be a polyoxyalkylene) or X is NH(C^) (in v^ch 
case the synthetic polymer can be a polyamine), or X is absent (in \^ch case the synthetic 
polymer can be a polyalkylene); and a is an integer between 1 and about 1,000. 

Biodegradable polymers can also be included in die compositions. These include, but are 
not limited to polyOactide), poly(glycolide) poly(vinyl alcohol), crosslinked collagen. The 
polymers can also include polyglycolic add, polyethylene terephthalate, polybutyl lactose, 
polycaprolactone, D^lylactic acid, L-poIylactic acid and poly-L-lysine and polymeric mixtures 
thereof 

Suitable polymers also include polysaccharides. Suitable polysaccharides include, but are 
not limited to, trehalose, glucose, maltose, lactose, maltulose, iso^naltulose, lactulose, 
mono-reducing glycosides of polyhydroxy compounds selected from sugar alcohols, other straight 
chain poiyalcohols, ra£Bnose, stadiyose, melezitose, dextran, sucrose and sugar alcohols thereof 
mahitol, lactitol, iso-maltulose, palatinit, 2-D-glucopyranosyl-l-(-6-mannitol and their individual 
sugar alcohols. 

The conq>ositions can forther include pharmaceutically acceptable exdpients. 
Pharmaceutically acceptable excipients indude, but are not limited to, tc^ical pharmaceutically 
acceptabb carrier, cosmetic carrier, sterile solutions, sterile isotonic soluticHis, ingestable liquids, 
pharmaceutically acceptable aerosols and other constituents used in solutions for organ/tissue/cdl 
preservation and/or transplantation. 
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The con^)ositions can further include additional pharmaceutically efikcdve agents. 
Suitable classes of phannaceutically efifective agents include, but are not limited to» drugs, 
antibiotics, wound healing agents and antioxidants. 

Suitable drugs include, but are not limited to, those listed in Table 1 and from the 
5 following classes: antipyretic and anti-inflammatory drugs, analgesics, antiarthritics, 

antispasmodics, antidepressants, antipsychotics, tranquilizers, antianxiety drugs, narcotic 
antagonists, antiparldnsonism agents, cholinergic antagonists, chemotherapeutic agents, 
immuno-suppressive agents, antiviral agents, parasiticides, appetite suppressants, antiemetics, 
antihistamines, antimigraine agents, coronary vasodilators, cerebral vasodilators, peripheral 
10 vasodilators, hormonal agoxts, contraceptives, antithrombotic agents, diuretics, antihypertensive 

agents, cardiovascular drugs, opioids, and vitamins are all included in the compositions described 
herein. 



Table 1 



15 


Cardiac glYCO^def 


Immunotheranies 


Antiftmgal 




Digitalis 
digitoxin 
lanatosideC 
digDxin 


Inteifoon 
interleukin-2 
monoclonal antibodies 

gatnmaglotwilin 


anq>hotericinB 
nQ^conazole 
muramyl dipq>tide 
clotrimazole 


20 






25 


Anticancer 
Azathioprine 
Bleomycin 
Byclcphosphamide 
Adriamydn 
Daunonibicin 
Vincristine 


Steroids 

Prednisone 

Triamcinolone 

Hydrocortisone 

Dexamethasone 

Betamethosone 

Prednisolone 


AntiarriiYthimIc 
propanolol 
etanolol 
vcTRpamil 
captc^ril 
isosoxbide 
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AnnDionc 


Hormones 






Penicillin 


Antidiuictic 


acyclovir ana aeTTvauvcs 




Tetracycline 


Corticosteroids 


wmuirop-o 17 i 1 




Eiythionxyciii 


Testosterone 


noavinn 


< 


Cq>lialothiii 


Estrogen 


nmantadmc/amantadine 




Imipcnem 


Thyroid 


azidothymidine & derivatives 




Cefofaximc 


Growth 


ft^f^ning arabiiUMnde 




raritenicillin 


ACTH 


amtdine-type protease 




Vanooniyciii 


Progesterone 


inhibitors 


10 


Gentamycm 


Gonadotn^in 


Vaccines 




louiaiuycui 


xviincraiWAiru^iiM 


i nfli t Afi90 




Piperacillin 


Antihistamines 


respiratory syncytial virus 




Moxalactam 


Pyribenzamine 


Hemophilus infliienTa vaccine 




Amoxicillin 


r^hlnrpheniramiiie 


AntihYpotension 


IS 


Affipigtllifi - 


Diphenhydramine 


dopamine 




Cefazolin 


Antipyretic 


dextroamphetamine 




Cefiuiroxil 


Praziquantel 






Cefoxitin 


Metronidazole 






other aminoglycosides 


Pentamidine 




20 


other cephalosporins 








Aim Mat 11 im^ 








Metaproterenol 


Morphine 


chlorpromazine 




Aminophylline 


Dilaudid 


benzodiazepine 


2S 


Theophylline 


Codeine 


butyrophcnomes 




Teitnitaline 


codeine-like synthetics 


hydnDQTzines 




legreioi 


Demerol 






E^hedrine 


Oxymorphone 


phenothiazines 




Isq>rDterenol 


Phenobaibital 


reseipine 


30 


Adrenaline 
Norepinephrine 


Baxbiturates 


thioxanthines 




Antihypertensives 


Antidiabdic 


Other 




^iresoline 


Diabenese 


Receptor agonists and 


35 


Etanolol 


Insulin 


antagonists 



Suitable antibiotics include, but are not limited to, an^icillin, tetracycline, 
chloramphenicol, erythromycin, amphotericin B and penicillin. Suitable vroimd healing agents 

40 include, but are not limited to, transforming growth fiictors, platelet-derived growtfi fiictors, 

epidermal growth fectors and fibroblast growth fectors. Suitable antioxidants include, but are not 
limited to, naturaily-occurring antioxidants such as tocopherols, (e.g., (-tocopherol, vitamin E), 
ascorbic acid (Vitainin_C), (-carotene (vitamin A), dihydrolipoamide and flavenoids; and synthetic 
antioxidants such as butylated hydroxytolume, butylated hydroxyanisole, Trolox®, propyl gallate, 

45 other phenolic antioxidants and phenothiazines; and chelators sudi as desferoxamide, HEED and 

CP130. 

11. Methods fF rmulatingC mpositi nsf r Use in the Present Invention. 
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The invoition further includes methods of formulating coiiqxisitions for use in the present 
invention, some of which ^pear below and some of which appear throughout the text of the 
specification. 

The compositions of the present invention can be in either a liquid or solid form. In the 
S liquid form, the LP A can be concentrated for dilution prior to use. Preferably, the components are 

in a concentration suitable for immediate use. In the case of a solid, addition of a predetCTnined 
amount of an aqueous solution will result in the appropriate concentration of the components. The 
solid can also be in powder form, for use in therapies including, but not limited to inhalation 
therapies. In the case where the composition is a solution, the LPA is preferably present in an 
10 amount of from about 0.00001% to about 10% (weight/volume). More preferably, the LPA is 

present in an amoimt of from about 0.0001% to about 1% (weightArolume). Most preferably, the 
LPA is present in an amount of from about 0.005% to about 1% (weight/volume). 

AVhere the composition is a solid, preferably the LPA is present in an amount of from 
about 0.00001% to 50% (weightAveight). More preferably, the LPA is present in an amount of 
15 from about 0.001% to 1% (weigjit/weigbt). 

LPA can be suspended in any buffered solution that is preferably free of divalent cations 
having a pH range of 2-10, more preferably, about 4-8 and most preferably about 6-8. Suitable 
buffers include, but are not limited to, D-PBS (phosphate buffered saline, fiiee of calcium and 
magnesium salts; Gibco BRL) or 50 mM ammonium bicarbonate containing isotonic sodium 
20 chloride. When the compositions are to be used therapeutically, the buffered solution is preferably 

physiologically acceptable. A wide range of pH values are efiBxtive. Preferably the pH is between 
about 5.5 to about 8. However, any pH at whidi the composition is at least minimally 
therapeutically effective is suitable for use. The mixture has been found to be most active at pH 
8. Preferably, the phospholipids are suspended in 50 mM ammonium bicarbonate / 0.154 M 
25 sodium chloride, 250_(M EDTA with a pH of 7.7-8.0. 

Preferably, if there is a mixture of phospholipids/lipids, the mixture is dispersed in order 
to achieve maximal activity. Any method of dispersion that forms particles of about 5-450 
microns is acceptable and about 30-100 microns is preferred. These methods include, but are not 
limited to, microfluidization, extrusion and sonication, provided that the method does not denature 
30 or otherwise chemically modify the phospholipids in sudi a manner as to render them toxic or of 

substantially diminished thenqieutic activity. Typically, when small batches are prq>ared, the 
mixture is sonicated until optical clarity is attained although sonication can be continued beyond 
this point provided the mixture is not overheated. The preferred sonication parameters are those 
provided in the examples herein. As used herein, "optical clarity" indicates that the mixture 
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changes from opaque to translucent. This change is readily monitored visually; no fiirtfaer 
measurements are necessary . However, '*translucent" can be defined as wdien the mixture has an 
O.D. 600 of less than about 0.2 AU.Concentrations of up to ^proximatBly SO mg/mL 
phospholipids can be prepared. Preferably, 10 mg/mL solutions are used. Typically, sonicaticm^ 
5 if used, is in 5 minute alternating cycles, with 5 minutes of sonicaticm followed by 5 minutes of 

equilibration. However, this can be varied, depending on the volume of mixture being sonicated 
and the heat goierated by sonication. 

The total lengdi of sonication depends on the concentration and volume of the mixture 
being sonicated and the power ou^ut of the sonicator. Sonication should proceed untU the mixture 

10 has become translucent. Typically, mixtures are sonicated for 3 to 90 minutes. Preferably, 

sonication proceeds by several periods of5 minutes each, 6 to 12totalperiods, with I toSminutes 
between each period to allow equilibration and dissipation of heat. The temperature of the water 
bath should not exceed about 60^C. Preferably, the temperature of the water bath is not allowed 
to exceed ST'C. Preferably, die sonicated mixture is passed through a sterile filter before use. 

15 Preferably, the sterile filter has a 0.2 micron cut ofif. 

The compositions can be sterilized at any point. Sterilization can be by any method known 
in the art, and encompasses, but is not limited to, beat sterilization, steam sterilization, 
ultrafiltration, sterile filtration and ultraviolet light sterilization. Sterilization is essential for most 
of the methods of treatment, although for certain s^)plications, it may not be necessaiy, or the level 

20 of sterilization required can be reduced. The con^sitions can also be prepared and dried to fonn 

a solid. The solid is suitable for use as a powder or pill, or in solution upon reconstitution. Any 
method of drying is suitable for use herein, including, but not limited to, fi^eze-diying, air drying, 
spray drying and fluidized bed evaporation, vacuum drying and rotary evaporation 

Preferably, the compositions, both liquid and solid, are stored under anoxic conditions. 

25 Any method of such storage known in Ae art is suitable for use herein, including, but not limited 

to, storage under an inert gas such as argon. 

III. Prevention of Apoptosis and Preservation or Restoration of Cell, Tissue and 
Organ Function. 

The anti-apoptotic activity of the compositions of the present invention can be measured 
30 in many anti-apoptosis assays known in the art. These include, but are not limited to, the serum 

deprivation of the C3H/1 OTl/2 cell assay described in detail in Example 2. Furthermore, in vivo 
apoptosis inhibition can be measured by any method known in the art. M ediods for determining 
therapeutic efficacy in treating an ischemic event are known in the art and described herein. 
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Methods for determining efiBcacy in organ storage and transplantation are known in the art and 
described herein. 

The then^>etitic activity of the compositions described herein can be measured or 
determined by any method known in ihe art. For instance, there are a variety of wound healing 
assays described in the art and cited herein. 

The invention fu rther conq>rises any of the above-described conq>ositions in combinatton 
with a phaimaceutically acceptable vehicle. The level of purity of the components necessary for 
the composition can be determined empirically and is within the skill of one in the art. The 
compositions are suitable for use in a variety of disorders, as described below» and in botfi human 
and vetrarinaiy £q)plications. 

In general, the compositions are pharmaceutically acceptable due to their low toxicity in 
the then^>eutic dosage range, stability and ability to be incorporated into a wide variety of vehicles 
for numerous routes of administration. The compositions can be administered alone or in 
combination with other pharmaceutically efifectiveagoits including, but not limited to, antibiotics, 
wound healing agents, antioxidants and other then^}eutic agents as previously described. 

The compositions can contain at least a therapeutically effective amount of at least one 
of the above-described con^sitions and at least one physiologically acceptable carrier. A 
physiologically acceptable carrier is one that does not cause an adverse physical reaction upon 
administration and one in which the compositions are sufBciently soluble to deliver a 
therapeutically effective amount of the conripound. The therapeutically effective amount of the 
compositions depmds in part upon the manner of introduction and the indication to be treated and 
other criteria evident to one of ordinary skill in the art. Typically, a therapeutically effective 
amount is one sufiBcient to ameliorate or cure the condition being treated as evidenced by 
diminishment of the symptoms compared to a control. Typically, a ther^eutically effective 
amount is firom about 0.000 1 % or 1 //g/mL by weight of the phospholipid mixture although a wide 
range of effective amounts can be used for different indications and can be determined empirically. 
The route(s) of administration useful in a particular indication are discussed bdow and are well 
known to one of skill in the art 

IV. Biological Materials Suitable for Treatment and Routes of Administratidn to 
These Materials. 

Suitable cell types for treatment and/or preservation include, but are not limited to, 
eukaryodc and prokaryotic cells, such as bacterial ceUs, plant cells, yeast cells, fimgi cells, insect 
cells, mammalian cells, and human cells in particular. Mammalian cell types enconq>ass 
cardiomyocytes, endothelial cells, neuronal cells, hepatocytes, renal cells, lung cells, mucosal cells. 
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pnncT^t^i: r^n^f^ gag tmmtfigtinal cells, corneal cells and sldn cells. These cell types, and the tissues 
and n rgflng they fonn, are suitable for treatment and/or preservation by the methods of the present 
invention. These ceU types can be treated dtiier //i Wvo or i>i viYw using niet^^ 
invention. 

5 Routes of administration include, but are not limited to, topical, transdeimal, parenteral, 

gastrointestinal, transbrunchial, transalveolar, and in vitro treatm»t of cells, tissues or oigans 
followed by in vitro adntinistration of treated cells, tissiies or oigans. Internal routes of 
administration encompass any method of In vivo administration other than solely by topical 
application to the skin. Surfoce administration is accomplished via application of a cream, gel, 

10 rinse, etc. containing a therapeutically efi&ctive amount of the compositions. Transdermal 

administration is accomplished by s^plication of a cream, rinse, gel, etc. cs4>able of allowing the 
active con^nents to penetrate the skin and enter the blood stream. Parenteral routes of 
administration include, but are not limited to, direct injection such as intravenous, intramuscular, 
intraperitoneal or subcutaneous injection. Gastrointestinal routes of administration include, but 

15 are not Uiiiited to, iiigestion and rectal. Traiisbronchial and transalveolar routes of adn 

include, but are not limited to, inhalation, either via the mouth or intranasally (for exan^)le, of a 
inist or a dry powder) and direct injecdon into an airway, such as through a tracheotomy. While 
the compositions can be topically administered alone, it may be desirable to administer them in a 
mixture with a topical physiologically or cosmetically acceptable carrier. Topical 

20 pharmaceutically acceptable carrier" as used herein is any substantially non-toxic carrier 

conventionally useable for topical administration of pharmaceutical agents in wAuch the 
coii^x>sitions will remain stable andbioavailable v/bsn applied directly to skin or mucosal sur&ces. 
For exanrqile, the compositions can be dissolved in a liquid, dispersed or onulsified in a medium 
in a conventional maimer to form a liquid preparation or nuxed with a semi-solid (gel) or solid 

25 carrier to form a paste, powder, ointment, cream, loticm or the like. 

Suitable topical pharmaceutically acceptable carriers include water, petroleum jelly 
(Vaseline), petrolatum, mineral oil, vegetable oil, animal oU, organic and inorganic waxes, such 
as microcrystalline, parafiBn and ozocerite wax, natural polymers, such as xanthanes, gelatin, 
cellulose, collagen, starch, or gum arabic, synthetic polymers, such as discussed below, alcohols, 

30 polyols, and the like. The carrier can be a water miscible carrier composition that is substantially 

miscible in water. Such water miscible topical pharmaceutically acceptable carrier compositicHi 
can include those made with one r more appropriate ingredients set forth above but can also 
include sustained or delayed release carriers, includiiig water containing, waterdispersible or water 
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solubl compositions, such as liposomes, microsponges, microspheres or microcapsules, aqueous 
base ointments, water*in*oil or oil-in->water emulsicms, gels or the like. 

In one embodiment of the invention, the topical pharmaceutically accqrtable carrier 
comprises a sustained release or delayed release carrier. The carrier is any material capable of 
5 sustained or delayed release of the compositions to provide a more efficient administration resulting 

in cme or more of less frequent and/or decreased dosage of die compositions, ease of handling, and 
extended or delayed effects on dermatologic conditions. The carrier is capable of releasing the 
compositions when exposed to any oily, &tty, waxy, or moist environment on die area being 
treated or by difiusing or by release dependent on the degree of loading of die con^xisitions to the 
10 carrier in order to obtain release thereof. Non*limiting examples of sudi carriers include 

liposomes, microsponges, microspheres, or microc£q)sules of natural and synthetic polymers and 
the like. 

Examples of suitable carriers for sustained or delayed release in a moist environment 
include gelatin, gum arabic, xanthane polymers; by degree of loading include lignin polymers and 

15 the like; by oily, fatty or waxy environment include thermoplastic or flexible thermoset resin or 

elastomer including thermoplastic resins such as polyvinyl halides, polyvinyl esters, polyvinylidene 
halides and halogenated polyolefins, elastomers such as brasiliensis, polydienes, and halpgenated 
natural and synthetic rubbers, and flexible thermoset resins such as polyurethanes, epoxy resins 
and the like. Preferably, the sustained or delayed release carrier is a liposome, microsponge, 

20 microsphere or gel. 

The con^sitions used in the method of treating dermatologic conditions of the invention 
are 2q>plied directly to the areas to be treated. While not required, it is desirable that the topical 
composition maintain the active components at the desired location for about 24 to 48 hours, or 
a loigth of time sufficient to exert therapeutic efficacy. 

25 If desired, one or more additional ingredients conventionally found in topical 

pharmaceutical or cosmetic conqx)sitions can be included with the carrier, sudi as a moisturizers, 
humectants, odor modifiers, buffers, pigments, preservatives. Vitamins such as A, C and E, 
emulsifiers, dispersing agents, wetting agents, odor-modifying agents, gelling agents, stabilizers, 
propellants, antimicrobial agents, sunscreras, enzymes and the like. Those of skill in the art of 

30 topical pharmaceutical formulations can readily select the appropriate specific additional 

ingredients and amounts thereof Suitable non-limiting examples of additional ingredients include 
superoxide dismutase, stearyl alcohol, isopropyl myristate, sorbitan monooleate, pol3ro7Qrethylene 
stearate, propylene glycol, water, alkali or alkaline earth lauryl sul&te, mediylparaben, octyl 
dimediy]-p-amino benzoic acid (Padimate O), uric acid, redculin, polymucosaccharides. 
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hydioxyethyl starch (such as, DuPont Pentafracdon), hyaluranic acids, aloe vera, lecilhin, 
polyoxyethylene soibhan mcmooleate. Vitamin A or C, tocopherol (Vitamin E), alpha^ydrojQr of 
alpha-keto acids such as pyruvic, lactic or glycolic acids, or any of the topical ingredimts disclosed 
in U.S. patmts 4,340,586, 4,695,590, 4,959,353 or 5,130,298 and 5,140,043. Because 
dermatolpgic conditions to be treated may be visible, the topical carrier can also be a topical 
cosmetically acceptable carrier. By "topical cosmetically acc^table carrier" as used h^iein is 
meant any substantially non-toxic carrier ccxiventionally useable for topical adminis tration of 
cosmetics in v^ch the con^>ositions will remain stable and bioavailable "wben 2q>plied directly to 
the skin sur&ce. Suitable cosmetically acceptable carriers are known to those of skill in the art 
and include, but are not limited to, cosmetically acceptable liquids, creams, oils, lotions, ointmmts, 
gels, or solids, such as conventional cosmetic night creams, foundation creams, suntan lotions, 
sunscreens, hand lotions, make-up and make-up bases, masks and the like. Thus, to a substantial 
extent, topical cosmetically acceptable carriers and pharmaceutically acceptable carriers are 
similar, if not often identical, in nature so that most of the earlier discussion on pharmaceutically 
acceptable carriers also applies to cosmetically acceptable carriers. The compositions can contain 
other ingredients conventional in cosmetics includiiig perfumes, estrogen. Vitamins A, C or E, 
alpha-hydroxy or alpha-keto acids such as pyruvic, lactic or glycolic acids, lanolin, vaseline, aloe 
vera, methyl or propyl parabm, pigmmts and die like. 

The effective amount of the compositions used to treat dermatologic conditions or diseases 
can vary depending on such &ctors as condition of the skin, age of the skin, the particular ratio 
of phospholipids or dpgree of the purity of phospholipids employed, the type of formulaticm and 
carrier ingredients used, frequency of administration, overall health of the individual being treated 
andthelike. The precise amount for any particular patient use can be deterniined by those of sl^ 
in the dermatologic art taking into consideration these &ctors and the presrat disclosure. 
Preferably the composition is administered in at least two doses and no more than about six doses 
per day, or less when a sustained or delayed release form is used. 

The con^>ositions for topical, oral and parenteral administration usually contain from 
about 0.001% to about 10% by weight of the LPA compared to the total weight of the 
conq>osition, preferably &om about 0.01% to about 2% by weight of the mixture to the 
pharmaceutical composition, and especially from about 0.1% to about 1.5% by weight of the 
mixture to the pharmaceutical composition. 

The topical composition is administered by sqiplying a coating or layer to the skin or 
mucosal area desired to be treated. As a practical matter f convenience, the £q)plied material is 
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rubbed into the area. Applicati ns need not be rubbed into the skin aiid the layer or coating can 
be left on the skin overnight. 

The present invention provides conqx)sitions suitable for transdermal administration 
including, but not limited to, pharmaceuticaily acceptable lotions, suspensions, oils, creams, 
S ointments, rinses, gels and liposomal carriers suq;>ended in a suitable vehicle in which a 

thersq>euticaUy effective amount of the con^x)sitions has been admixed. Sudi compositions are 
appUed directly to the skin or incorporated into a protective carrier sudi as a transdermal device 
(so-called "patch**). Examples of suitable creams, ointments etc. can be found, for instance, in the 
Physician*s Desk Reference. Exa^^)les of suitable transdermal devices are described, for instance, 
10 in U.S. Patent No. 4,818,540 (Chien et al,). 

The present invention includes compositions suitable for parenteral administration 
including, but not linuted to, pharmaceuticaily acceptable sterile isotonic solutions. Sudi solutions 
include, but are not limited to, saline and phosphate buffered saline for intravenous, intramuscular, 
intraperitoneal or subcutaneous injection. 

r 

15 The present invention includes con^>ositions suitable for gastrointestinal administration 

including, but not limited to, pharmaceuticaily acceptable powders, piUs or liquids for ingestion 

and suppositories for rectal administration. 

The present invention includes compositions suitable for transbroncfaial and transalveolar 

administration including, but not limited to, various types of pharmaceuticaily accqjtable aeroscds 
20 for inhalation, both liquid and powder forms. An exan^sle of a drug administered in the form of 

an aerosol is pentamidine which is administered to AIDS patients by inhalation to prevrat 

pneumonia caused by Pneumocystis camii. 

In some cases it may be desirable to perform internal delivery of LPA containing 

compositions in a localized area of the body, organ or tissue. The present invention encompasses 
25 methods ofdelivery including, but not limited to, deUvery by catheter inserted into a ves^ Where 

delivexy of the LPA containing compositions is desired to prevent or minimize damage resulting 

Srom cardiac ischemia the present invention encon^>asses intracoronary delivery by guide catheter. 

The present invention forther encompasses devices suitable for transbrondiial and 
30 transalveolar admiiiistration of the compositions. Such devices include, but are not limited to, 

atomizers and vaporizers. The present invention also includes devices for electrical or direct 
injection. Electrical injection, or iontophoresis, is the process of using a small dectrical current 
to drive charged elements, compounds and drugs through the skin to deliver the therapeutic 
compound to tiie local tissues or to the whole body without breaking the skin. 
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The present invmtioiiaicofnpasses solutions suitabl for flushing, perfiisian, and storage 
of organs and tissues prior to or during transplantation. Sudi solutions are described in Chien 
et_al. (1993) 'TObeinationlnductionTriggerforOiganPreservation" in Medical IntelUgencel^^ 
R.G. Landes Co. Austin, TX. The compositions described berdn can be used, for instance, to 
replace and improve on much more impure soy preparations currently in use. 

By *'oigan preservation solution" (OPS) is meant an aqueous soluticmspectficaDy designed 
to preserve organs. Pre&rably the organ is the heart Preferably, the solutions are used uk organ 
transplantation, but are also usefol for use in cardioplegia during open heart surg^. The OPS 
can also be used to flush the organ to be transplanted either prior to or after harvesting, or both. 
Preferably, this solution contains between about 0.00001% to about 10%, preferably about 
0.001% to about 1%, more preferably about 0.005% to about 0.1%. Preferably, this sohiticm 
additionally contains between about 0. l%and 20%by weight PEG. More preferably, this solution 
contains between about 2% and 15% by weight PEG and most preferably, this solution contains 
about 8% by weight PEG. Preferably, the PEG is PEG20L. 

Preferably, this solution contains between about 2% and 15% by weight PEG and can also 
contain effective amounts of: (a) a buffer such as NaOH, preferably about 30-40 mM, (or 
sufiBcient to result in pH of 7.2 to 7.9); (b) an impermeant anion such as Lactobionic add, 
preferably about 100 mM; (c) a con^xment providing phosphate such as KH2PO4, preferably 
about 25 mM; (d) a component providing potassium such as KOH, preferably about 1 00 mM; and 
(e) a component controlling cell swelling such as RafBnose, preferably about 30 mM. 

Optionally, the OPS also contains effective amounts of any component known in the art 
of organ preservation. These include, but are not limited to glutathione, parahydroxyanisole 
(PHA), desferoxamine, and nitroglycerin. 

Hie abovennentioned conq>ositions are meant to describe, but not limit, the conq)ositions 
suitable for use in the invention. The methods of producing the various con^>ositions are within 
the ability of one skilled in the art and are not described in detail here. The methods of producing 
suitable devices for injection, topical application, atomizers and vaporizers are known in the art 
and will not be described in detail. 

The invention further provides methods of treatment comprising administering an amount 
of the conqxssitions effective to inhibit ^K)ptosis or to preserve or restore cell, tissue or organ 
function. These methods entail administration of a therE4)eutically effective amount of tibe 
above-described compositions. 

Various indications ^^ch can be treated, include, but are not limited to, thos related to 
apoptosis, isdiemia, traumatic injury and reperfusion damage. Those conditions related to 
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apoptosis include, but are not limited to, dermatological efifects of aging» tte efifects of ^perfusion 
after an ischonic event, inununosuppiession, gastrointestinal perturbations, cardiovascular 
disorders, rejection of tissue transplantation, wound healing and Alzheimer's disease. Hie 
treatment can also diminish the apoptosis-related problems associated vdtfa immunosuppressing 
viruses, diemotherapeutic agents, or radiation and immunosuppressive drugs. 

The con^>ositions are also suitable for use in organ transplantation during all phases of 
transplantation. The compositions can be used to prepare the organ by adrniiiistering an amount 
of the con^jositions to the donor efifective to stabilize or preserve the organ. The organ can be 
perfused and/or preserved in OPS containing the conqyositions. The organ recipient can then be 
administered an amount ofthecompositicHis effective to oihance organ stabihtyaiuif^ The 
compositions are also particularly suitable for use in treating cardioplegia ^edier related to 
transplantation or other surgical intervmtion. 

Apoptosis related problems are caused by a variety of stinmli ^^ch include, but are not 
limited to, viruses including, but not limited to, HIV, chemotherapeutic agents, and radiation. 
These stimuli trigger apoptosis in a variety of disorders, including, but not limited to, those of the 
digestive tract tissues and associated gastrointestinal perturbations. 

Gastrointestinal perturbations include, but are not limited to, damage to the lining of the 
gut, severe chronic ulcers, colitis, radiation induced damage, chemother^iy induced damage, and 
the perturbation of the gastrointestinal tract caused by parasites, and diarrhea from any other 
cause. Various viral and bacterial infections are known to result in gastrointestinal perturbations; 
the conq>ositions are also suitable for use in treatmoit of the side effects associated with these 
infections. The compositions are particularly suited for use in ameliorating the gastrointestinal 
disturbances associated with chemotherapy. Thus, the ccunpositions are suitable for use not only 
in preventing the dianiiea associated with chemotherapy but also the nausea.T1ie compositions are 
particularly suited to treatment of various gastrointestinal conditions in animals, including, but not 
limited to livestock and domesticated animals. Such conditions, particularly diarrhea, account fi>r 
the loss of many calves and puppies to ddiydration and malnutrition. Treatment of gastrointestinal 
conditions is preferably by gastrointestinal administration. In the case of cattle and domesticated 
animals, an effective amount of the compositions can be conveniently mixed in with tiie feed. In 
humans, adriiinistration can be by ariy method known in the art of gastrointestixialadrxmiistratim^ 
Preferabfy, administration is oral. 

In su^ttim the compositions can be administered to immunodeficient patients, particulariy 
HIV-positive patients, to prevent or at least mitigate ^xyptotic death of T ceUs associated with the 
condition, wiiich results in the exacerbation of immunodeficiencies as seen in patients with ADDS . 
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Preferably, administration to such patients is parenterally, but can also be transdennaUy or 
gastrointestinally. 

The compositions can also be administered to treat apoptosis associated 
damage involved in a variety of conditions, including, but not limited to, coronary artery 
obstructicm; cerebral in£uction; spinal/head trauma and concomitant severe paral3^is; reperfiision 
damage due to other insults such as fiostbite; coronary angioplasty, blood vessel attachment, limb 
attadmient, organ attachment and kidney reperfiision. 

Myocardial and cerebral infiircticms (strdce) are caused generally by a sudden 
insufiBciency of arterial or venous blood supply due to emboli, thrombi, or pressure that produces 
a macroscopic area of necrosis ; the heart, brain, spleen, kidney, intestine, lung and testes are likely 
tobeafibcted. CeU death occurs in tissue surrounding the in£Euict upon rq^erfusion of blo^ 
area; thus, the compositions are effective if administered at the onset of the in&rct, during 
rcperfiisicHi, or shordy thereafter. The invention includes methods of treating reperfiision damage 
by administering a therapeutically efifective amount of the compositions to a patient in need of such 
therapy. 

The invention fiirther encompasses a method of reducing the damage associated widi 
myocardial and cerebral infiurtions for patients with a high risk of heart attack and stroke by 
administering a ther^>eutically efikctive amount of the compositions to a patient in need of such 
therapy. Preferably, treatment of such damage is by parenteral administration of the conqx>sitions 
of the invention. Any other suitable method can be used, however, fi>r instance, direct cardiac 
injection in the case of myocardial in&rct. Devices fi>r such injection are known in the art, for 
instance the Aboject cardiac syringe. 

The invention fiirther provides methods of limiting and preventing £qx)ptosis in cells, or 
otherwise preserving cells, during the culture or maintenance of mammalian oigans, tissues, and 
cells, by the addition of an efiTecti ve amount of the compositions to any media or solutions used in 
the art of culturing or maintaining manmialian organs, tissues, and cells. 

Hie invention fiirther encompasses media and solutions known in the art of culturing and 
maintaining mammalian organs, tissues and cells, which comprise an amount of the compositions 
efifective to preserve or restore cell, tissue or organ fimction, or limit or prevent apoptosis of the 
cells in culture. 

These aspects of the invention encon^xiss mammalian cell culture media comprising an 
efiBxtive amount of at least one con^>osition and the use of such media to preserve or restore cell, 
tissue or organ function, or to limit or prevent apoptosis in mammalian cell culture. An efifecdve 
amount is one v/bich decreases the rate of ap ptosis and/or preserves the cells, tissue or organ. 
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The compositions have been found to limit or prevent a^ptosis under circumstances in which cells 
are subjected to mUd traumas which would normally stimulate sqxyptosis. Such traumas can 
include, but are not limited to, low level irradiation, thawing of frozen cell stocks, rapid changes 
in the ten^)erature, pH, osmolarity, or ion ccmcentration of culture media, prolonged eaqsosure to 
5 non-optimal temperature, pH, osmolarity, or ion concentration of the culture media, exposure to 

cytotoxins, disassociation of cells from an intact tissue in the preparation of primary cell cultures, 
serum derivation (or growdi in serum-free media).Thus, the invention encompasses compositions 
comprising tissue culture medium ami an efifective amount of the compositions. Serum-fiee media 
to vAiicfa the compositions can be added as anti-s^xiptotic media supplements include, but are not 

10 limited to, AIM V® Media, Neuman and Tytell*s Serumless Media, Trowell's T8 Media, 

Waymouth's MB 752/1 and 705/1 Media, and Williams* Media E. In addition to serumfiee media, 
suitable manunalian cell culture media to which the compositions can be added as anti-s^xiptotic 
media supplemrats include, but are not limited to. Basal Media Eagle's, Fischer's Media, McCoy's 
Media, Media 199,RPMI Media 1630 and 1640, Media based onF-I0&F-12Nutri^ Mixtures, 

15 Ldbovitz's L-15 Media, Glasgow Minimum Essential Media, and Dulbecco's Modified Eagle 

Media. Mammalian cell culture media to xaiiich the compositions can be added further conqirise 
any media supplement known in the art, including, but not limited to, sugars. Vitamins, hormones, 
metalloproteins, antibiotics, antimycotics, growth &ctors, lipoproteins and sera. 

The invention further encompasses solutions for maintaining mammalian organs prior to 

20 transplantation, vMch comprise an efifective amount of the compositions, and the use of sudh 

solutions to preserve or restore organ function or to limit or prevent ^>optosis in such mammalian 
organs during their surgical removal and handling prior to transplantation. The solutions can be 
used to flush, perfuse and/or store the organs. In all cases, concentrations of the compositions 
required to limit or prevent damage to the organs can be determined empirically by one skilled in 

25 the art by methods such as those fi3und in the example provided below, as well as other methods 

known in the art. 

It has now been found tiiat the compositions can be topically ^plied to the skin to treat 
a variety of dermatologic conditions. These conditions include, but are not limited to, hair loss and 
wrinkling due to age and/or photo damage. The present invention thus encompasses methods of 
30 treating dermatological conditions. Furthermore, hair loss can be caused by apoptosis of the cells 

of the hair follicles. Therefore, the compositions are suitable for use in topical treatment of the 
skin to prevent continued hair loss. Stenn et al. (1994) J. Invest Dermatol 103:107-1 1 1. As 
discussed above, these conditions are preferably treated by topical application of a composition 
conq)rising an efifective amount of the ccmpositions. An efifective amount of the c<m^>ositions is 
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one which ameliorates or diminishes the symptoms of the derniatolpgic conditions. Preferably, the 
treatment results in resolution of the dermatologic condition or restoration of normal skin fimction; 
however, any amelioration or lessening of symptoms is oicompassed by the invention. 

The fidllowing examples are provided to illustrate but not limit the invention. Notetfiat 
5 references to specific LPAs usipg conqx>und nimibers in this document refer to the compound 

numbers assigned in Example 1, below. 

EXAMPLE 1 

Structure and Synthesis of Various Analogs of Lvsophosphatidic Acid 
The following example sets ferth the synthetic methodology and analytical data used in 
the construction and characterization of several lysophosphaddic acid analogs and derivatives. In 
addition e?q>erimental procedures and analytical data has been provided for intermediates used in 
the construction of these LPAs. 

Contained at the end of the experimental procedures and analytical data are reaction 
schemes which show the synthetic routes used in compound construction. The following 
nomenclature and abbreviations are used in the naming of the compounds: 

Bn benzyl 
BSA bis(trimethylsilyl)acetamide 
20 t-BuOOH tert.-butylhydrpperoxide 

CNE cyanoethyl 
DMAP N,N-dimethyIaminopyridine 
DMF N,N-dimethyIformamide 
He L-isoleucine 
25 Me methyl 

Mel methyl iodide 

MeOH methanol 
saL saturated 
TBAF tetra-butylammonium fluoride 

30 TBS tert-butyldimethylsilyl 

TBTU O-benzotriazol-l -yl-N,N,N',N*-tetramethylurc«iium tetrafluoro- 

borate 

TEA triethylamine 
THE tetrahydro&ran 
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TLC 


thin layer diromatogr^hy 


TMSBr 


trimediylsilyl bromide 


Tr 


tfityl 


Ts 


tosyl 


Val 


L-valine 


Z 


ben^loxycarboiQ'l 



1-O-Decyl-rac-glycerol (Compound 1) To a stirring mixture of NaH (0.36 g» IS.l 
mmol) in diy DMF (IS ml) under N2 was added solketal (0.94 ml, 7.6 mmol) dropwise over a 30 

10 min period. After 30 min, Nal (0.30 g, 2.0 mmol) was added followed by the addition of 

1-chlorodecane (1.34 g, 7.6 mmol) and stirring was continued at SO^C for 16 hours. The reaction 
mixture was diluted with diethyl ether (50 mL) and washed with H3O (2 x 50 mL), dried (MgS04) 
and concentrated to give a crude oil (1.48 g). The crude oil (1.06 g, 3.9 mmol) was treated with 
1/1 2M HCl/THF (14 mL, v/v) for 2 hours, and the resulting solution was concentrated and 

IS redissolved in ethyl acetate (80 ml), washed with HjO (2 x 20 mL), dried (MgS04) and 

concentrated to give a yellow oil. The oil was subjected to silica-gel column chromatogriq>hy 
[eluent: ethyl acetate/hexane, 50/50, v/v] to give the titie diol (Comprand 1) (58 ing, 65%) as a 
coloriess oil. 

NMR (360 MHz; CDC13): ( 0.87 (3 H, t, J 7 Hz, Me), 1.26 (14 H, br s, 7 x CH^), 
20 1.53-1.59 (2 H, m, (-H2), 3.41-3.55 (4 H, m, (-Hj and l-Hj or I-H2), 3.64 (1 H, dd, 11.5 and 

5 Hz, l-H or 3.H), 3.72 (1 H, dd, J 1 1.5 and 4 Hz, l-H or 3-H) and 3.83-3.88 (1 H, m, 2.H); 
ESI-MS (m/z, +ve): 231 (MtT, 100%). 

1-O-Tetradecyl-rac-glyceroI (Compound 2) To a mixture of solketal (5.0 mL, 40 
mmol), l-chlorotetradecane (10.9 mL, 40 mmol) and a catalytic amount ofNal in DMF (200 mL) 
25 was added NaH (3.1 g, 80inmol)andthereactionwas5tirredfor 16 hours at SO^'C. After removal 

of the solvent in vacuo, the residue was redissolved in ethyl acetate (150 mL), washed with H2O 
(3 X 50 mL), dried (MgS04) and evaporated to dryness. The obtained oil was treated widi 1/1 2M 
HCl/THF (150 mL, v/v) for 16 hours. The resulting mixture was concentrated and redissolved in 
ethyl acetate (150 mL), washed with H2O (3 x 50 mL), dried (MgS04) and evs^rated to dryness. 
30 The crude product was purified by silica-gel column chromatography [eluent: CH2Cl3(etfayl 

acetate/CHiClj, 50/50, v/v] to yield diol Compound 2 (8.4 g, 73%) as a white solid. 

'HNMR (360 MHz; CDC<): ( 0.87 (3 H, t, J7 Hz, Me), 1.25 (22 H, br s, 1 1 x CH^), 1.57 
(2 H, quintet, J7 Hz, ^-Hj), 2.38 and 2.77 (each 1 H. br s, 2 x OH), 3.46 (2 H, dt,y6.5 and 2 Hz, 
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l-Hj or (-Ha), 3.49-3.55 (2 H, m. (-Hj or l-H^), 3.64 (1 H. dd. •/ 1 1.5 and 5 Hz. 3-H), 3.71 (1 H, 
dd, 1 1.5 and 4 Hz, 3-H) and 3.85-3.86 (1 H, m, 2-H). 

Dimethyl 3-C>-t^radecyl-rac-siyccro-l-phosphate (Compound 3) To a solution of did 
Compound 2 (1.0 g, 3.5 mmol) and N-methylimidazole (0.45 mL, 5.6 mmol) in dry CH3CI3 (25 
5 mL) was added dimediyl chlorophosphate (0.42 mL, 3.9 mmol). After stirring for 3 days, the 

mixture was concentrated and purified by silica-gel column chromatography [eluent hexane/etfayi 
acetate, 60/40, v/v] to yield phosphate Con^und 3 (0. 10 g, 7%) as an oil. 

'HNMR (360 MHz; CDCh): ( 0.87 (3 H, t, -77 Hz, Me), 1.25 (22 H, br s, 11 x CH^), 
1.55-1.58 (2 H, m. (-H^), 3.43-3.53 (4 H, m, 3-H2 and (-Hj), 3.80 and 3.83 (each 3 H, s. 2 x 
10 OMe), 4.00-4.02 (1 H, m, 2-H) and 4.10-4.20 (2 H, m, l-H^); ESI-MS (m/z, -Hve): 397 (AfiT, 

100%) and 419 (MIT, 66). 

3-O-Tetradecyl-raogIycero-l-phosphate (Compound 4) To a solution of diol 2 (1.0 
g, 3.5 mmol) and dibenzyl N,N-diisopropyIphosphoramidite (1.16 mL, 3.5 mmol) in dry CHjCN 
(30 mL) was added IH-tetrazole (0. 12 g, 1 .7 mmol). After stirring for 2 hours, t-BuOOH (2 mL) 
15 was added and after another 30 min the mixture was concentrated. The residue was purified by 

silica-gel column chromatography [eluent: hexane/ethyl acetate, 66/33, v/v) to give dibeni^l 
3-O-tetradecyi-rac-glycero-l-phosphate (0.27 g, 14%) as an oO. Subsequent hydrogenolysis in 
MeOH (30 mL) in the presence of 10% Pd/C (0.5 g), followed by filtration over Celite and 
ev^)oration to dryness, a£forded the titie phosphate (Conq)ound 4) (0. 18 g, 99%) as a glass. 
20 »HNMR (360 MHz; CDCI3): ( 0.87 (3 H, t, ^6.5 Hz, Me), 1.25 (22 H, br s, 1 1 x CHj), 

1,55 (2 H, br s, (-Hj), 3.45 (4 H, br s, (-Hj and S-Hj) and 4.05-4. 14 (3 H, m, 2-H and l-Hj); 
NMR(146 MHz; CDCI3): ( 1.11; ESI-MS (m/z, +ve): 367 (M-H^, 100%). 

1-O-Decyl-glycidol (Compound 6) To a stirring solution of glycidyl tosylate (2.0 g, 8.8 
mmol) and decyl alcohol (1.34 mL, 7.0 mmol) in dry CH3CI2 (40 mL) under N2 was added a 
25 BF3.0Et2 solution (-2.2 mL, -10% in CH2C12). After 48 hours, TLC analysis showed the 

reaction to be complete and the solvent was removed in vacuo to give 
l-0-decyl-rac-glycero-3-/?-toluenesulfonate (Compound 5) as an oil. 

Crude Compound 5 was taken up in 50% aqueous MeOH (30 mL), NaOH (1.4 g, 35.0 
mmol) was added and the mixture was left to stir for 16 hours. TLC analysis showed the reaction 
30 to be complete and the mixtu re was concentrated to remove MeOH. Hie remaining aqueous phase 

was extracted with diethyl ether (2 x 40 mL) and the combined oiganic phases were washed with 
H2O (30 mL), sat NaHCOa (30 mL), dried (MgS04) and omcentrated. The residue was subjected 
to silica-gel column chromatography [eluent: ethyl acetate/hexane, 91/9, v/v] to give epoxide 
Con^xnmd 6 (0.93 g, 62%) as a colourless oil. 
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,H NMR (360 MH2^ CDCI3): ( 0.87 (3 H, t, J7 Hz. Me), 1.26 (14 H br s, 7 x CHj). 1^8 
(2 (-Ha), 2.61 (1 H, dd, J 5 amd 2.5 Hz, 3-H), 2.80 (1 H, t. J 4.5 Hz. 341). 3.13-3.17 (1 H, 
m. 2-H). 3.38 (1 H, dd, ^ 1 1.5 and 6 Hz, 1-H), 3.42-3.54 (2 H, m. (-H^) and 3.70 (1 H, dd, Jl 1.5 
and3Hz,l-H). 

5 l-O-Tetradecyl-slycidoI (Compound 8) To a soiutian of glycidyl tosylate (2.0 g, 8.8 

mmol) and 1-tetnuiecanol (1.5 g, 7.0 nimol) in dry CH3CI2 (40 mL) under was added a 
BF3.0Et2 solution (-2.2 mL, -10% in CHjCy. After 48 hours, TLC analysis showed the reacticm 
to be complete and the solvent was removed in vacuo to give 
l-0^tetradecyl-mc^ycero-3^/^tol^cnfisnlfonate (Conqxsund 7) as an oil. 
10 Crude Conqxsund 7 was taken up in 50% aq. MeOH (30 mL), NaOH (1.4 g, 35.0 mmol) 

was added and the mixture was left to stir for 16 hours. TLC analysis showed ^ reaction to be 
con^lete and the mixture was concentrated to remove MeOH. The remaining aqueous phase was 
extracted with diethyl ether (2x40 mL) and the combined organic phases were washed with H2O 
(30 mL), sat. NaHCOj (30 mL), dried (MgS04) and evaporated to dryness. The residue was 
15 subjected to silica-gel colunm chromatography [eluent: ediyl ac et a t e /hex a ne , 91/9, v/v] to give 

epoxide Compound 8 (1.57 g, 83%) as a colourless oiL 

*HNMR (360 MHz; CDCI3): ( 0.88 (3 H. t,^ 7 Hz, Me), 1.25 (22 H, m, 1 1 x CHj), 1.57 
(2 H, m, (-Hj), 2.61 (1 H. dd, J5.5 and 3 Hz, 3-H>, 2.80 (1 H, t, J4.5 Hz, 3-H), 3.13-3.17 (1 H, 
m, 2-1^, 3.38 (1 H, dd, y 1 1.5 and 6 Hz, l-H), 3.42-3.54 (1 H, m, (-Hj) and 3.70 (1 H, dd, y 1 1.5 
20 and 6 Hz, 1-H). 

l-€M>Ieyi-giycidoI (Compound 10) To a solution of glycidyl tosylate (2.0 g, 8.8 mmol) 
and oleyl alcohol (1.88 mL, 7.0 mmol) in dry CI^Clj (40 mL) under was added a BF3.0£t2 
solution (-2.2 mL, -10% in CH2CI2). After 48 hours, TLC analysis showed the reaction to be 
con^ieteandthesolventwasremovedinvacuotogive l-0-oleyl-mc-glycero-3^>4oluenesulfbnate 
25 (Conqxnmd 9) as an oil. 

Crude Compound 9 was taken up in 50% aq. MeOH (30 mL) to w^ch NaOH (1.4 g, 35.0 
mmol) was added. After 16 hours, TLC analysis showed the reaction to be con^lete and the 
mixture was concentrated to remove MeOH. The remaining aqueous phase was extracted with 
diethyl ether (2 x 40 mL) and the combined organic phases were washed with I^O (30 mL), sat. 
30 NaHCOa (30 mL), dried (MgSO^) and concentrated. The residual oil was purified by silica-gel 

column chromatography [eluent' ethyl acetate/hexane, 9 1/9, v/v] to furnish epoxide Compound 10 
(1.65 g, 72%) as a colourless oil. 

*H NMR (360 MHz; CDCI3): ( 0.88 (3 H, t, •/ 6.5 Hz, Me), 1.28 (22 H, apparent br d, 
sqiaration 9 Hz, -(CHj),- and -(CHa)^-), 1.58 (2 H, br s, (-Ha), 2.01 (4 H, apparent br d. 
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sepafatLon 4.5 Hz, -CHiCH=CHCHi-), 2.61 (1 H, hr s, 3-H), 2.80 (1 H, br t, J4 Hz. 3-H), 3.15 
(1 H, br s, 2-H), 3.38 (1 H, dd. J 1 1.5 and 6 Hz, 1-H), 3.45-3.54 (2 H, m, (-«|), 3.69-3.72 (1 H, 
m, 1-H) and 5.34 (2 H, br s, -CHjCWNZffCHj-). 

3-O^Decyl-rac^ely€ero-l-phos|diate(Co0yHiui^ Amixtuieof98% phosphoric acid 
5 (0.18g, 1.9mDl)anddecyigIycidol(CompGund6)(0.4g, 1.9miiiol) 

for 2 houis untfl TLC analysis showed the tcactiaa to be cGi^^ 
concentntted to affoid phosphate Conqxyund 11 (0.56 g, 78%) as a ccdouriess oil. 

>HNMR (360 MHz; CDCI3): ( 0.87 (3 H, t, J6.5 Hz, Me), 1.25 (14 H, br s, 7 x CH^), 
1.56 (2 H. br s, (-H^), 3.44-3.53 (4 H, m. (-H^ and 3-Hj) and 3.61-4.13 (3 H, m, 2-H and l-H^); 

10 ^'P NMR(146 MHz; CDCy: ( 1.41; ESI-MS (m/z, -ve): 311 (M^-H^, 100%). 

3-O-OIeyl-rac^elycero-l^hosphate (Compound 12) A mixture of 98% phosphoric add 
(0.18 g, 1.9mol)andoleylglycidol(Con^XHmd 10) (0.4 g, 1.2nmiol)indiy CHjCl^wasrefluxed 
for 16 hours. TLC analysis showed the reaction to be conq>lete and the niixturev^ concentrated 
to give the title phosphate (Con^xnmd 12) (0.501 g, 96%) as a colourless oil. 

15 'H NMR (360 MHz; CDCI3): ( 0.87 (3 H. t ^ 6.5 Hz, Me), 1.27 (22 H, apparent br d, 

separation 6 Hz. -(CHj),- and -(CHj)^-), 155 (2 H. br s, (-H2), 1.98-2.03 (4 H, m, 
-C^2CH=CHC»2-), 3.44-3.51 (4 H, m, 3-H2 and (-H2). 3.53-4.12 (3 H, m, 2-H and 1-Ha), 
5.30-5.38 (2 H, m, -CH^CH^CWCHa-) and 6.43 (2 H, br s, 2 x OH); ^^P NMR (146 MHz; 
CDCI3): ( 1.68; ESI-MS (m/r, -ve): 421 (fcWT, 100%). 

20 Dimethyl 3-oleyloxypropyl-l-phosphatc (Compound 15) To a suspension ofNaH (.40 

g, 13.1 mmol) and anhydrous NaT (1.98 g, 13.4 mmol) in dry DMF (30 mL)underN2 was added 
dropwise 1,3-propanediol (0.95 mL, 13.1 mmol) over a 30 min period. Next, oleyl tosylate (13) 
(5.6 g, 13.1 mmol) was added and stirring was continued for 16 hours at 50^C. The reaction 
mixture was quenched with water (50 mL) and extracted wiA diediyl ether (2 x 100 mL). The 

25 combined organic phases were dried (MgS04) and concentrated to give crude alcohol Con^xnmd 

14. 

To a solution of Con^und 14 (0.51 g, 1.6 mmol) in dry CH2CI3 (10 mL) was added 
N-mediylimidazole (0.28 mL, 3 .5 mmol) followed by the addition of dimethyl cUorophosphate (0.2 
mL, 1 .9 mmol). After 1 6 hours, the reaction was quenched with sat. KHS O4 (20 mL) and extracted 
30 widi ethyl acetate (3 x 50 mL). The organic phases were washed with sat. NaCl (40 mL), dried 

(^^04) and concentrated to give protected phosphate Compound 15 as a yellow oil. 

'H NMR (360 MHz; CDCI3): ( 0.88 (3 H, t J 7 Hz, Me), 1.27 (22 H, apparent br d, 
separation 12 Hz, <CH^5- and -(CH^)^-), L55-1.57 (2 H, m, b-H2), 1.95-2.01 (6 H. m. 
-CHiCH^CHCffj. and 2-H2), 3.41-3.43 (2 H, t, ^6 Hz, -H^), 3.57 (2 H, t, J 6.5 Hz, 3-H2), 3.77 
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and 3.80 (each 3 H. s, 2 x OMe), 4.20 (2 H, m, l-Hj) and 5.33-5.38 (2 H. m, -O^CffKIHCHa-); 
ESI-MS int/z, -fve): 435 (WIT, 100%). 

S^OIeyloxypropyl-l-phosphate (Compound 16) To a soludon of dimediyl phosphate 
Con^und 15 (0.26 0.59 nunol) in dry CH2Q3 (8 mL) was added BSA (0.30 mL, IJl nunol) 
5 followed by the addition of TMSBr (0.24 mL, 1.8 mmol). After 15 nun» TLC analysis showed 

complete consunqjtion of the starting matmai and the reaction was quenched with 1/1 MeOH/H^O 
(2inL, v/v)for 15 min, followedby theadditicxiof sat KHSO4 (5 mL). The reacticxi mixture was 
subsequently extracted with ethyl acetate (2 x 30 mL), the organic extracts were combined, dried 
(MgSOJ and concentrated to give the title phosphate (Conqxnmd 16) as an oiL 

10 NMR (360 MHz; CDCI3): ( 0.88 (3 H, t, J 7 Hz, Me), L27 (22 H, apparent br d, 

separation 6 Hz, -(CHj),- and -(CHd^X 156 (2 H, br s, (-H^), 1.95-2.01 (6 H. m, 2.H2 and 
-CH2CH=CHCHi-), 3.43 (2 H, t, J6 Hz, (-Hj), 3.57 (2 H, br s, 3-H2), 4.12 (2 H, br s, l-H^), 
5.33-5.38 (2 H, m, -CHjCTf^CHCHa-) and 8.06 (2 H, br s, 2 x OH); ^^P NMR (146 MHz; 
CDCI3): ( 1.95; ESI-MS (m/r, -ve): 405 (A/-H", 100%). 

15 3-Hydroxypropyl decyl ether (Compound 17) To a mixture of NaH (2.6 g, 70 mmol) 

and anhydrous Nal (9.9 g, 70 mmol) in dry DMF (80 mL) und^ N2 was added dropwise a solu^ 
of l,3-propan6diol (4.75 ntiL, 70 mmol) in DMF (20 mL). The mixture was stirred until hydrogen 
evolution had ceased, decyl chloride (1.34 g, 7.6 mmol) was added and stirring was continued at 
50''C for 18 hcKirs. Then, the reaction mixture was poured into H3O (300 mL) and extracted with 

20 diethyl ether (3 x 250 mL). The organic extracts were combined, washed with sat. NaCl (100 mL), 

dried (MgS04) and evaporated to dryness. The residue was subjected to silica-gel column 
chramatogrsq)hy [eluent: ethyl acetate/hexane, 30/70, v/v] to fiimish decyl ether Compound 17 as 
a colourless oil.'H NMR (360 MHz; CDCI3): ( 0.87 (3 H, t, J7 Hz, Me), 1.25 (14 H, br s, 7 x 
CHa), 1.55 (2 H, quintet, J7 Hz, (-H^), 1.82 (2 H, quintet, J5.5 Hz, 2-H2), 2.62 (1 H, br s, OH), 

25 3.41 (2 H, t, J 7.5 Hz, (-H2), 3.60 (2 H. t, J5.5 Hz, l-H,), and 3.77 (2 H, t, J 5.5 Hz, 3.H2); 

ESI-MS («/r, +ve): 217 (AffT, 100%). 

3-Decyloxypropyl-l-phosphate (Compound 19) To a solution of alcohol Compound 
17 (0.5 g, 2.3 mmol) in dry CHjClj (20 mL) was added TEA (0.48 mL, 3.5 mmol) foUowed by 
the addition of trimethyl phosphite (0.4 1 mL, 3 .5 mmol). After 90 min, the reaction was cooled to 

30 -40^C, pyridinium tribromide (0.89 g, 2.8 mmol) was added and the reaction was allowed to warm 

to 20^ overnight. The mixture was subsequently quendied with sat. KHSO4 (30 mL) and 
extracted with ethyl acetate (2x50 mL). The oiganic extracts were combined, washed with sat. 
NaCl (30 mL), dried (MgS04) and concentrated to give phosphate triester Compound 18. 
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'H NMR (360 MHz; CDCI3): (^0.87 (3 H, t. J 6.5 Hz, Me), L25 (14 H, br s, 7 x CHj), 
1.50-1.56 (2 H, m, (-Hj), L93 (2 H, quintet, J 6 Hz, 2.H2), 3.39 (2 H, t. J 6.5 Hz, (-H^ or 3-H2), 
3.49(2H.t,J6Hz, (-Hj or S-Hj), 3 . 74 and 3 . 77 (each 3 H, s, 2 x OMc) and 4. 1 4 (2 H, quartet, 
y6.5Hz,l-H2). 

5 To a stirring solution of phosphate triester Conqxnuid 18 (0.25 g, 0.72 mmol) in dry 

CH2CI2 (5 mL) was added BS A (0.25 mL, 1 .0 mmol) foUowed by the addition ofTMSBr (0.3 mL, 
2.3 mmol). After 15 min, TLC analysis showed ccmiplete consunqjtion of the starting material and 
the reaction was quenched with 1/1 MeOH/H20 (2 mL, v/v) for 15 min, followedby the addition 
of sat. KHSO4 (5 mL). The reaction mixture was subsequently extracted with ethyl acetate (2 x 

10 30 mL), andthe ccmibined organic extracts were dried (MgS04) and concentrated to give the title 

phosphate (ConqKmnd 19) as an oil. 

*H NMR (360 MHz; CDCI3): ( 0.88 (3 H, t, J 7 Hz, Me), L27 (14 H, br s, 7 x CHJ, 
1.55-1.58 (2 H, m, (-CH^), 1.95 (2 H, br s, 2-H2), 3.42-3.48 (4 H. m, (-Hj and 3-Hj), 4. 10 (2 H, 
br s. I-H2) and 6.35 (2 H, br s, 2 x OH); ESI-MS (m/z, -ve): 295 (AZ-H*^, 100%). 

15 Dimethyl l-O-oleyl-2-O-methyl-rac-glycero-l-phosphate (Compound 23) To a 

solution of tosyl chloride (19. 1 g, 0. 10 mol) in dry CHjCl^ (200 mL) at O^'C was added TEA (15.3 
mL, 0. 10 mol) and oleyl alcohol (37.2 mL, 0. 10 mol). The reaction mixture was allowed to warm 
to 20*'C and was subsequently stirred for 3 days. Next, the solvent was removed in vacuo and the 
resulting residue was redissolved in ethyl acetate (400 mL), washed with sat. NaHCO} (40 mL), 

20 dried (MgS04), concentrated and subjected to silica-gel column chromatography [eluent 

hexane/CHsClj, 66:33, v/v] to give oleyl tosylate (Con^>ound 13) as an oil. 

To a mixture of NaH (4.8 g, 120 mmol) and Nal (0.2 g) in dry DMF (20 mL) was added 
solketal (5 .0 mL, 40 mmol) dropwise over a 30 min period. Once the effervescence had stopped, 
oleyl tosylate (Compound 13) (16.9 g, 40 mmol) was added and the reaction mixture was left fi>r 

25 3 days at 50°C. Then, H2O (10 mL) was added and the mixture was extracted widi diethyl ether 

(2 X lOOmL), the combined organic phases were dried (MgS04) and evaporated to dryness. The 
residue was taken up in THF (150 mL), 2M HCl was added until the solution turned turbid and 
the reaction was left to stir fi>r 16 hours. The mixture was concentrated and subjected to silica-gel 
column chromatography [eluent: ethyl acetate/hexane, 50/50, v/v] to give 1-O-oleyl-rac-glycerol 

30 (CoiiqKiund 20) as an oil. 

Diol Conqx>und 20 (2.0 g, 5.97 mmol) was added dropwise to a solution of tritjd chloride 
(1 .66 g, 6.0 mmol) in anhydrous pyridine (10 mL). The reaction was left to stir for 16 hours after 
which the solvent was removed by co-evap ration with toluene (2x5 mL). Then, part of the 
residue (1.0 g, 1 .7 mmol) was added dropwise to a suspension ofNaH (0. 14 g, 3.4 mmol) in THF 
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(50 mL), foil wed by the addition of Mel (0.22 mL, 3.4 iranol). After 16 hours, TLC analysis 
showed that the reaction had gone to completion and H2O (5 mL) was added followed by 
concentration of the reaction mixture. The residue was partitioned between HjO (20 mL) and 
diethyl ether (100 mL), the organic extract was washed with sat. NaHCOj (10 mL), dried (N^S04) 
5 and concentrated to give l-OK>leyl-2-OHnethyl-3-0*4ritylglycerol(CoRqK)und21)asanoiI.Cni^ 

Compound 21 (1.16 g) was dissolved in CH2CI3 (10 mL) after ^lidi trifluoroaoetic acid (2 mL) 
was added. The reaction mixture was stirred for 5 min and excess TFA was quenched by adding 
solid NaHCOj until efifervescenoe ceased. The mixture was diluted with H^O (10 mL), extracted 
with CH2CI2 (2x50 mL) and the combined organic phases were dried (MgS04), concoitrated and 

10 subjected to silica-gel column chrcHnatography [eluent: hexane/ethyl acetate, 80^0, v/v] to give 

glycerol derivative Compound 22 (0.28 g, 42%) as an oil. 

'H NMR (360 MHz; CDCI3): ( 0.88 (3 H, t^ 7 Hz. Me), 1.27 (22 H, apparent br d, 
separation 9.5 Hz, -(CHj)^- and -(CHa)^), 1.53-1.60 (2 H, m. (-Hj), 1.98-2.01 (4 H, m, 
-CfTjCH^CHCffj-). 3.37-3.46 (3 H, m, 2.H and (-H^), 3.47 (3 H, s, OMe), 3.52 (1 H. dd. J 10 

15 and 5 Hz, 1-H), 3.56 (1 H, dd, J 10 and 5 Hz, 1-H), 3.65 (1 H, dd, J^ll.5 and 5.5 Hz, 3-H), 3.76 

(1 H, dd, •/ 1 1.5 and 4 Hz, 3-H) and 5.30-5,39 (2 H, m, -CH2Cfr=CHCH2-). 

To a solution of compound Compound 22 (0.26 g, 0.76 nunol) in dry CH2CI2 (8 mL) was 
added ^-methylimidazole (67 (1, 0. 84 mmol) followed by the addition of dimethyl chlorophosphate 
(0.12 mL, 1.22 mmol). After 1 hours, TLC analysis showed the reaction to be coa^>lete, sat. 

20 KHSO4 (20 mL) was added and the mixture was extracted with ethyl acetate (3 x 50 mL). The 

organic phases were combined and washed with sat. NaCI (40 mL), dried (MgS04), concentrated 
and subjected to silica-gel column chromatogr^hy [eluent: ethyl acetate/hexanes, 50/50, v/v] to 
give the title dimethyl phosphate (Campound 23) as an oil. 

»H NMR (360 MHz; CDCI3): ( 0.88 (3 H, tJ 7 Hz, Me), 1.27 (22 H, apparent br d, 

25 separation 12 Hz, -iCH^^r and -(CH2)6-), 1.54-1.59 (2 H, m, (-H2). 1.98-2.01 (4 H, m, 

-CH2CH=CHCH2-), 3.41-3.56 (5 H, m, 2-H, 3-H2 and (-H2), 3.47 (3 H, s, OMe), 3.77 (3 H, d, 
J2 Hz, OMe), 3.80 (3 H, d, J2 Hz, OMe), 4.08 (1 H, ddd, -/^ H, 7.0 and 5.5 Hz, 1-H), 4.19 (1 
H, ddd, J 11, 7.0 and 4 Hz, 1-H) and 5.30-5.39 (2 H, m, -CH2CW=CflCH2-); NMR (146 
MHz; CDClj): ( 2.60; ESI-MS (m/z, +ve): 465 (MtT, 100%). 

30 3-0-01eyi-2-0-methylnrac^glycero-l-phosphate (Compound 24) To a stirring solution 

of protected phosphate Con^und 23 (85 mg, 0. 18 mmol) in dry CH2CI2 (5 mL) was added BSA 
(140 (L, 0.55 mmol) and TMSBr (50 (L, 0.05 mmol). After 30 mm, TLC analysis showed the 
reaction to be complete, 1/1 MeOH/H20 (1 mL, v/v) was added and left for 30 min. Then, sat. 
KHSO4 (5 mL) was added and the mixture was extracted with ethyl acetate (2 x 30 mL), the 
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combined orgamc extracts were dried (MsSOaX evaporated to dryness and subjected to Sephadex 
LH-20 colunrn chromatography [eluent MeOH/CHiCls, 50/50, v/v] to give phosphate Conqxiund 
24 as an oil. 

'H NMR (360 MHz; CDCI3): ( 0.87 (3 H, t ^ 7 Hz, Me), 1^ (22 H, apparent br d, 
5 separation 4 Hz, -(CHa),- and -{CHa)^-), 1.55-1.56 (2 H, m, (-H^), 1,98-2.03 (4 H, m, 

.Cff2CH=<:HC^2-), 3.40-3.58 (5 H, m, 2-H, 3.H2 and (.H3), 3.46 (3 H, s, OMe), 3.99-4.05 (2 
H, m, I-H2), 5.30-5.37 (2 H. m. -CH2Cff=CffCHi-) and 5.75 (2 H, br s, 2 x OH); NMR (146 
MHz; CDCI3): ( 1.68; ESI-MS (m/z, -ve): 435 (/If-H^, 100%). 

Dimethyl 3-O-oleyl-roc-glycero-l-thiophosphate (Compound 25) To a solution of 

10 1-O-Oleyl-glycerol (Compound 20) (1 .5 g, 4.4 mmol) and dimethyl chlorothiophosphate (0. 80 mL, 

6.57 mmol), dried by azeotropic removal of HjO with CH3CN (2 x 15 mL), in CH2CI2 (20 mL) 
imder N2 was added ^-methylimidazole (0.70 mL, 8.8 mmol). After 3 days, the mixture was 
concentrated and subjected to silica-gel column chromatography [eluent: hexane:ethyl acetate, 
90/10, v/v] to give protected thiophosphate Compound 25 (0. 17 g, 25%) as an oil. 

15 *H NMR (360 MHz; CDCI3): ( 0.87 (3 H, t, J6 Hz, Me), 1.27 (22 H, apparent br d, 

separation 12 Hz, -(CHj),- and -(CHj)^-), 1 54-1.58 (2 H, m, (-H2), 1.98-2.04 (4 H, m, 
-C«2CH=CHCfr2-), 3.44-3.53 (2 H, m, 3-H2), 3.75 and 3.79 (each 3 H, s, 2 x OMe), 3.97-4.03 
(1 H, m, 2-H), 4.04-4. 1 8 (2 H, m UH^ and 5.30-5.35 (2 H, m, -CH2Cff=<:«CH2-); ESI-MS (m/z, 
+ve): 467 (WH^, 52%), 489 (MNa*, 100) and 505 (ArfK^, 20%). 

20 3-Hydroxypropyl oleate (Compound 28) To a solution of 1,3-propanediol (3.61 mL, 

50.0 mmol) in pyridine (100 mL) was added cfalorotriphenylmethane (14 g, 50.0 mmol) and the 
mixture was stirred at 70*'C for 16 hours. The solvent was removed by co-evaporation with dry 
toluene (2 x 50 mL) and the resulting residue was redissolved in diethyl ether (150 mL), washed 
with H2O (2 x 50 mL), dried (MgS04), concentrated and purified by silica-gel column 

25 chromatogr^hy [eluent: hexane/ethyl acetate, 90/10, v/v] to give monotritylated diol Compound 

26. 

>H NMR (360 MHz; CDCI3): ( 1.82 (2 H, quintet, J6 Hz, 2-H2), 3.23 (2 H, t, J6 Hz, 
I-H2 or 3-H2), 3.72 (2 H, t, J5.5 Hz, I-H2 or S-Hj), 7. 18-7.28 (10 H, m, 2 x Ph) and 7.34-7.40 
(5H.m,Ph). 

30 To a solution of Compound 26 (3.2 g, 10 mmol) and DMAP (50 mg) in pyridine (10 mL) 

was added oleoyl chloride (3.3 g, 10 mmol). After 4 hours, pyridine was removed by 
co-evaporation with dry toluene (2 x 50 ml) and the btained residue was partitioned between 
diethyl ether (150 mL) and H2O (50 mL). The diethyl ether layer was subsequently washed with 
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sat. NaCl (50 mL), dried (MgS04) and evirated to dryness. The residue was purified by 
silica-gel column chromatography [eluenf hexane/diethyl eth^, 90/10, v/v] to give trityl ester 27. 

Treatment of a solution of Compound 27 (3.72 g, 6.39 mmol) in dry CH2CI2 (100 mL) 
with trifluoroacetic acid (5 mL) resulted in a bright yellow solution. Subsequently, the mixture was 
5 quenched by the addition of H^O (10 mL) and solid NaHCOa (5 g) . The product was extracted into 

CI^Cl2 (2 X 100 mL), the organic phases were combined, dried (N^S04) and ccnicaitnited. 
Purification of the residue by silica-gel column chromatography [eluent: ediyl acetate/hexanes, 
30/70, v/v] fiimished the title alcohol (Compound 28) (2. 1 g, 95%) as an oil. 

NMR (360 MHz; CDCI3); ( 0.87 (3 H, t, J 7 Hz, Me), 1.28 (20 H, apparent br d, 

10 separation 13.5 Hz, -(CHz)^- and KCH2)6-), 1.60-1.63 (2H,m,(-H2), 1.86 (2 H, quintet, ^6 Hz, 

2.H2), 1.98-2.01 (4 H, m, -C^jCH=CHCfli-), 2.31 (2 H, t, J7.5 Hz, -Hj), 3.68 (2 H, t,^6Hz, 
3-H2), 4.24 (2 H, t, y 6 Hz, l-Hj), and 5.29-5.39 (2 H, m, -CH2ay=C^rCH2.). 

Dimethyl l-(3-propyl oleoate)phDsphate (Compound 29) To a solution of alcohol 
Compound 28 (0.52 g, 1 .5 mmol) and iV^-methylimidazole (0.27 mL, 3.3 nrniol) in dry Cl^Cla (5 

15 mL) was added dimethyl chlorophosphate (0.2 mL, 1.8 mmol). After 1 hours, TLC analysis 

showed the reaction to be complete, sat. KHSO4 (20 mL) was added and themixture was extracted 
with ethyl acetate (3x50 mL), the combined organic phases were washed with sat NaCI (40 mL), 
dried (MgSOJ and concentrated. The residue was subjected to silica-^el colunm chromatogr^)hy 
[eluent: ethyl acetate/hexanes, 50/50, v/v] to give protected phosphate Compound 29 as an oil. 

20 ^H NMR (360 MHz; CDCI3): ( 0.87 (3 H, t, J 7 Hz, Me), 1 .28 (20 H, apparent br d, 

separation 13 Hz, -{CH^s' and -{CH^erX 159-1.64 (2 H, m, (-Hj), 1.98-2.04 (6 H. m, 2-H2 and 
-C//2CH=CHC/f2-), 2.30 (2 H, t, J7.5 Hz. (-Hj), 3 .75 and 3 .78 (each 3 H, s, 2 x OMe), 4. 1 1-4.20 
(4 H, m, I-H2 and 3-H2), 5.29-5.39 (2 H, m, -CH2C/y=C«CH2-); ^'P NMR (146 MHz; CDCI3): 
( 2.54; ESI-MS (m/z, +ve): 449 (AfH^, 100%) and 466 (Af+18^ 89). 

25 l-(3-propyI oleoate)phosphate (Compound 30) To a stining solution of dimethyl 

phosphate 29 (0.31 g, 0.7 mmol) in dry CHjClj (4 mL) was added BSA (0.52 mL, 2.1 mmol) 
followed by the addition of TMSBr (0. 19 mL, 1.4 mmol). After 30 min, TLC analysis showed 
complete consumption of the startirig material, the reaction was quenched with 1/1 MeOH/H20 
(1 mL, 1/1) for30min, followed by the addition of sat. KHSO4 (5 mL). Themixture was extracted 

30 with ethyl acetate (2 x 30 mL), the organic extracts were combined, dried (MgS04) and evaporated 

to dryness. Purification of the residue by Sephadex LH-20 column chromatography [eluent: 
MeOH/CHaClj, 50/50, v/v] gave the title phosphate (Compound 30) as an oil. 

'H NMR (360 MHz; CDCI3): ( 0.87 (3 H, t, J7 Hz, Me), 1.28 (20 H, apparent br d, 
separation 1 1 Hz, -(CHj)^- and -(CHi)^-), 1.57-1.61 (2 H, m, (-H2), 2.00 (6 H, apparent br d. 



SUBSTITUTE SHEET (RULE 26) 



wo 99/47101 



PCTAJS99/05943 



57 

separati n 3.5 Hz, -C«2CH=CHa/r and 2-H2), 2,30 (2 H, 1,^7.5 Hz, (-Hj), 4. 1 1 (2 H, quartet, 
J 6 Hz, 3-Hj), 4.19 (2 H, t, J6.5 Hz, l-Hj), 5.29-5.38 (2 H, m, -CHjCflK^CHr) and 9.24 (2 
H, br s, 2 X OH); ^^P NMR(146 MHz; CDCI3): ( 1.80; ESI-MS (m/z, -ve): 419 (Af-H^, 100%). 
Dimethyl 3-0-oIeoyl-2-deoxy-2-bromo-rac^slycero-l-phospiiate (Compound 36) To 
5 a stirring soluticm of l-0-benzyl-2-deoxy-2-brcHno-rac-glycerol (0.5 g, 2.0 mmol), dimethyl 

chlorophosphate (270 (L, 2.5 mmol) in dry CH3CI2 (20 mL) under N3 was added 
^^-methylimidazole (180 (L, 2.2 mmol). After 3 days, the mixture was concentrated and purified 
by silica-gel column chromatography [eluent: ethyl acetate/hexane, 50/50, v/v] to yield dimediyl 
3-0-ben2yl-2-dcoxy-2-bromo-mc-giycero-l-phosphate (Compound 34) (0.43 g, 59%) as an oil. 

10 ^H NMR (360 MHz; CDCI3): ( 3.73-3.81 (2 H, m, 3-H3), 3.75 (3 H, apparent d. 

separation 13.5 Hz, OMe), 3.78 (3 H, apparent d, separation 14 Hz, OMe), 4.21 (1 H, quintet, J 
5.5 Hz, 2-H), 4.28-4.40 (2 H, m, l-Hj), 4.57 (2 H, br s, -OCHjPh) and 7.26-7.37 (5 H, m, -Ph); 
^^P NMR (146 MHz; CDClj): ( 1.88; ESI-MS (m/z, +ve): 353 and 355 (A<H^, 100%). 

A mixture of bromo Compound 34 (0.43 g, 1.2 mmol) and 10% palladium on activated 

15 carbon (0.43 g) in ethyl acetate (50 mL) was evacuated using an aspirator pump and filled with 

hydrogen. After 2 hours, TLC analysis showed the reaction to be complete and the mixture was 
filtered through Celite. The filtrate was evaporated to dryness to fiimish dimethyl 

2- deoxy-2-bromo-rac-glycero-l-phosphate (Compound 35) (0.28 g, 88%) as a colouriess oil. 

»HNMR (360 MHz; CDCI3): ( 2.35 (1 H, br s, OH). 3.80 (3 H, d, J7 Hz, OMe), 3.83 
20 (3 H, d, J 6,5 Hz, OMe), 3.89 (1 H, dd, J 12.5 and 6 Hz, 3-H), 3.94 (1 H, dd, ^ 12.5 and 5 Hz, 

3- H), 4.13-4.19 (1 H. m, 2-H), 4.31 (1 H, ddd, J11.5, 9.5 and 6 Hz, 1-H) and 4.46 (1 H, ddd,*/ 
11.5, 9 and 4.5 Hz. 1-H). 

To a solution of alcohol Compound 35 (0.28 g, 1.1 nunol) in dry CHjCl^ (5 mL) under 
N2 was added oieoyl chloride (0.39 mL, 1 .2 mmol) followed by the addition of pyridine (0.09 mL, 

25 1.2 mmol). After 1 hour, the mixture was concentrated and subjected to silica-gel column 

diromatography [eluent: ediyl acetate (20-50%) in hexane, v/v] to give phosphate Compound 36 
(0.48 g, 85%) as an oU.^H NMR (360 MHz; CDCI3): ( 0.86 (3 H, t, y 7 Hz, Me), 1.25 (20 H, 
apparent doubly separation 14 Hz, -{Cli^A' and -(CHj)^-), 1.58-1 .62 (2 H, m, (-H^), 1.97-1.98 
(4 H, m, -CfliCH^CHC/Zj-), 2.33 (2 H, t, J7.5 Hz, (-H^), 3.76 (3 H, d, J 1.5 Hz, OMe), 3.79 (3 

30 H, d, J2 Hz, OMe), 4.20-4.3 1 (3 H, m, 2-H and 3-H2), 4.36 (1 H. dd, 12 and 5 Hz, 1-H), 4.40 

(1 H, dd, J 12 and 5.5 Hz, l-H) and 5.26-5.36 (2 H, m, -CHaCffMZffCH^-); ^'P NMR (146 MHz; 
CDCI3): ( 1.82; ESI-MS (m/z, -fve): 527 and 529 (AfH^, 29%), 549 and 551 (WH*^, 49) and 565 
and 567 (A^, 100). 
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5-0-01eoyI-2-deoxy*2-bromo-rac-glycero-l-pbosphate(Coinp imdBT) Toas<duti<m 
of bromo alcobol Compound 36 (0.20 g, 0.38 mmol) in dry CH^Cl, (20 mL) under N2 was added 
BSA (0.21 mi, 0.83 mmol) followed by the addition of TMSBr (O.U mL, 0.83 nnmol). The 
reaction was carefully monitored by TLC and after 85 min all the starting material had been 
5 consumed. Then, 1/1 MeOH/H20 (3 mL, v/v) was added and the mixture was stirred for a 

subsequent IS min after vMch sat. KHSO4 (S mL) was added. The mixture was subsequently 
extracted with ethyl acetate (3 x 10 mL), the oiganic extracts were combined, dried (MgS04), 
concentrated and subjected to Sephadex LH-20 column diromatography [elu^: MGOH/CH2CI2, 
50/50, v/v] to give the title phosphate (Conqx>und 37) (0. 19 g, 99%) as a yellow oil. 

10 'HNMR(360MHz;CDCl3):(0.87(3H,t,y7H2,Me), 1,28 (20 H, apparent doublet, 

separation 13.5 Hz, -iCHdr and -iCH^^'X 161-1.62 (2 H, m, (-Hj), 1.99-2.01 (4 H, m, 
<jr2CHr=CHCff2'). 2.36 (2 H, t, y7 Hz, (-H^), 4. 19-4,28 (3 H, m, 2-H and 3-H2), 4.37 (1 H, dd, 
J 12 and 5 Hz, 1-H), 4.47 (1 H. dd, J 12 and 5 Hz, 1-H). 5.29-5.38 (2 H, m, -CH^CHNZlHCHj-) 
and 9.05 (2 H, s, 2 x OH); NMR (146 MHz; CDCI3): ( 1.08; ESI-MS (m/z, -ve): 499 and 501 

15 (M^H", 100%). 

l-O-Oleoyl-2-O-metbyl-rac-giycerol (Compound 44) To a mixture of 
l-0-benzyl*glycerol (27 mL, 0.16 mol) and r-butyldimethylsilyl chloride (25 g, 0. 17 mol) in dry 
CH2CI2 (250 mL) under N3 was added DMAP (0.8 g, 6.6 mmol) followed by the addition of TEA 
(23 mL, 0.17 mol). After 3 hours, the mixture was washed with HjO (2 x 1 00 mL), dried (MgS04) 

20 and concentrated to give l-0-benzyl-3-0-r-butyldimethyIsilyl-ra£:-glycerol (40) (48.8 g, 100%) 

as a yeUow oU.'H NMR (360 MHz; CDCla): ( 0.06 (6 H, s, MejSi), 0.89 (9 H, s, Bu'Si), 
3.48-3.56 (2 H, m, l-Hj or 3-H2), 3.64 (1 H, dd, 10 and 5.5 Hz, 1-H or 3-H), 3.68 (1 H, dd, ^ 
10 and 5 Hz, 1-H or 3-H), 3.86 (1 H, quintet, J 5.5 Hz, 2-H), 4.56 (2 H, s, -OCHJPh) and 
7.27-7.35 (5 H, m, -Ph). 

25 Alcohol Compound 40 (48.8 g, 0. 16 mmol) was added to a mixture of NaH (4.0 & 0. 17 

mol) in dry THF (500 mL). After 5 min, Mel (10 mL, 0. 17 mol) was added and, after another 3 
hours, the mixture was quenched with H2O (150 mL), extracted into diethyl ether (500 mL), dried 
(MgS04) and concentrated. Purification of the residue by silica-gel column chromatogrsqihy 
[duent: hexane/^yl acetate, 90/10, v/v] yielded l-0-benzyl-3-0-r-butyldimediy]silyl-2-0-meth^- 

30 rac-glycerol (Compound 41) (37 g, 74%) as a yellow oil. 

"HNMR (360 MHz; CDCI3): ( 0.05 and 0.05 (each 3 H, s, McaSi), 0.88 (9 H, s, Bu^i), 
3.42 (1 H, apparent quintet, separation 4.5 Hz, 2-H), 3.47 (3 H, s, OMe), 3.5 1 (1 H, dd,^ 10 and 
5.5 Hz, l.Hor3-H),),3.61(lH,dd,yi0and4Hz, l-Hor3.H), 3.68 (2 H, d, J5.5 Hz, 1-Hor 
3-H), 4.54 (2 H, apparent d, separaticm 12 Hz, -OCHfTAr), 4.58 (2 H, apparent d, separation 12 
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Hz, -OCatlHAr), 7.28 (1 H. m, /^■H) and 7.34 (4 H. appmast d, sepaiatiatt 4.5 Hz, o-H^ and 
W-H2); ESI-MS (m/r, 333 (AiNa% 100%). 

A mixture of the protected glycerol derivative Compound 41 (5.0 g, 16 mmol) and 10% 
palladium on activated carbon (wet Degussatype ElOl NEAV) (0.43 g) in MeOH (50 mL) was 
5 evacuated using an aspirator pun^i and filled with hydrogen. After 2 hours, TLC analysis showed 

the reaction to be complete, tiie mixtu re was filtered through Celite and the filtrate was eva^raled 
to chyness to give l-O-f-butyldimethylsilyl-2-O-methyl-rac-glycerol (Ccmpound 42) (99%) as a 
colourless oil. 

»H NMR (360 MHz; CDClj): ( 0.07 (6 H, s, Me^Si), 0.89 (9 H, s, BrfSi), 3.30-3.36 (1 
10 H, m, 2.H), 3.46 (3 H, s, OMe), 3.63 (1 H, dd, ^ 1 15 and 5.5 Hz, 1- or 3.H), 3.65 (1 H, dd, ^ 

10.5 and 6.5 Hz, 1- or 3-H), 3.74 (1 H, dd, J 10.5 and 5 Hz, 1- or 3-1^ and 3.75 (1 H, dd, J 1 1.5 
and4Hz, I-or3-H). 

To a solution of alcohol Compound 42 (1.1 g, 5.0 mmol) in CH2CI2 (10 mL) was added 
oleoyl chloride (1.8 mL, 5.5 mmol) followed, after 5 min, by the addition of pyridine (0.44 mL, 

15 5.5 mmol). After TLC analysis indicatedthatthereactionhadgonetocompletion, themixtuie was 

partitioned betwera ediyl acetate (100 mL) and HjO (30 mL), the organic extract was dried 
(MgS04) and concentrated to give l-0-Nbutyldimethylsilyl-2-0-mcthyl-3-0-oleoyl-rac-glycerol 
(Compound 43) (2.4 g, 99%) as a dark brown oil. 

^HNMR (360 MHz; CDCI3): ( 0.06 (6 H, s, McjSi), 0.88 (3 H, t, J7 Hz, Me). 0.89 (9 

20 H,s,Bu^i), 1.28 (20H,apparentbrd,separation 11.5 Hz, -(CH2)4-and-(CH2)6-), 1.60-1.64(2 

H, m, (-H2). 1.98-2.03 (4 H, m, -CffjCH^CHCHj-), 2.33 (2 H, t, J7.5 Hz, (-H^), 3.41-3.46 (1 
H, brt, 2-H), 3.45 (3 H, s, OMe), 3.64 (1 H, dd, J 10.5 and 6 Hz, 3-H), 3,68 (1 H, dd, J10.5 and 
5.5 Hz. 3-H), 4.09 (1 H, dd, J 11.5 and 5.5 Hz, l-H), 4.27 (1 H, dd, 11.5 and 4 Hz, 1-H) and 
5.32-5.36 (2 H, m, -CHjCff^C/fCHj-). 

25 IM TBAF (6 mL, 6.0 mmol) was added to a solution of compound Con^und 43 (2.4 g, 

5 .0 mmol) in THF (5 0 mL). After 30 min, TLC analysis showed that all the starting material had 
been consumed. Then, the reaction mixture was partiticmed between diethyl ether (100 mL) and 
sat. NaCl solution (30 mL). The organic extract was dried (MgS04), concentrated and subjected 
to silica-gel column chromatography [eluent: hexane/ethyl acetate, 75/25, v/v] to give glycerol 

30 derivative Compound 44 (1.52 g, 79%) as an oil 

'H NMR (360 MHz; CDCI3): ( 0.88 (3 H, t, ^ 7 Hz, Me), 1.28 (20 H, apparent br d, 
separati n 13 Hz, -(CH2)4- and -iCH^s'), 160-1 .64 (2 H. m, (-Ha). L98-2.03 (4 H, m, 
-CffjCH^CHCffr). 2.33 (2 H, t, J7.5 Hz, (-H^), 3.45-3.51 (1 H, brt, 2.H), 3.47 (3 H, s. OM ), 
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3.61 (lH,dd,yil.5and6Hz,3.H),3.69(lH,dd.yil.5and4.5H2,3-H), 4.20 (2 H, apparent 
d, separation 5 Hz, l-Hj) and 5.29-5.39 (2 H, m, ^HjCff^CffCHr)- 

Dimethyl 3-0>oleoyl-2-0-inethyl-raoglycero-l-iriiosphate (Compound 45) To a 
solution of alcohol Compound 44 (0.79 g, 2.2 mmol) in dry CH2CI2 (8 mL) was added 
5 ^-methylimidazole (0.2 mL, 2.4 mmol) followed by the addition of dimeth3d chioropbosphate (0.26 

mL, 2.4 mmol). After stirring for 1 hour, the mixture was quenched with sat. KHSO4 (20 mL) and 
extracted into ethyl acetate (3 x 50 mL). The combined organic phases were subsequently washed 
with sat. NaCl (40 mL), dried (MgS04), concentrated and subjected to silica-gel column 
chromatography [eluent: ethyl acetate/hexanes, 5 0/50, v/v] to give protected phosphate Compound 

10 45 as an oil. 

NMR (360 MHz; CDCI3): ( 0.87 (3 H, t, J7 Hz, Me), 1.28 (20 H, apparent br d, 
separation 12.5 Hz, -{01:^4' and -(CHj)^), 1.60-1.64 (2 H. m, (-H^), 1.98-2.01 (4 H, m, 
.Ci/2CH=CHCff2-). 2.33 (2 H, t, J7.5 Hz, (-Hj), 3.47 (3 H, s, OMe). 3.61 (1 H, quintet, JS Hz, 
2-H), 3.76 (3 H, d, J2 Hz, OMe), 3.80 (3 H, d, J2 Hz, OMe), 4.05^.19 (3 H, m, l-H^ or 3-H2 

15 and 3-H or 1-H), 4.25 (1 H, dd, J 12 and 4.5 Hz, 1-H or 3-H) and 5,29-5.39 (2 H, m, 

-CH2Cff=C//CH2-);^»PNMR(146MHz;CDCl3): ( 2.52; ESI.MS(/n/z.+ve): 479 (A/H^, 100%) 
and496(A/+18% 83). 

3-C>-01eoyl-2-^methyl-rac^glycero-l-phosphate (Compound 46) To a solution of 
dimethyl phosphate Compound 45 (0.10 g, 0.22 nunol) in dry CHjCl^ (5 mL) was added BSA 

20 (0. 16 ml, 0.65 mmol) followed by the addition of TMSBr (60 (L, 1.4 mmol). After 30 min, the 

reaction was treated with 1/1 MeOH/HjO (1 mL, v/v) for 30 min after which sat. KHSO4 (5 mL) 
was added. The mixture was subsequently extracted with ethyl acetate (2 x 30 mL), the combined 
organic extracts were dried (MgS04), concentrated and subjected to Sephadex LH-20 coliunn 
chromatography [eluent: MeOH/CHjCl^, 50/50, v/v] to give the title phosphate (Compound 46) 

25 as an oil. 

'H NMR (360 MHz; CDCI3): ( 0.86-0.87 (3 H, m. Me), 1.28 (20 H, apparent br d, 
separation 12 Hz, -(01:^4' and -(CHj)^-). 161 (2 H, br s, (-H^), 2.00 (4 H, apparent br d, 
separation 5 Hz, -C^2CH=CHa/2-), 2.34 (2 H, t, J 7.5 Hz. (-H2), 3.48 (3 H, s, OMe). 3.66 (1 
H, br s, 2-H), 4.15 (3 H, m, I-H2 or 3.H2 and 3-H or 1-F^, 4.27 (1 H. m, 1-H or S-H), 5.30-5.34 
30 (2 H, m, -CHjCW^ayCHj-) and 8.41 (1 H, br s, 2 x OH); ^^P NMR (146 MHz; CDCI3): ( 1.82; 

ESI-MS (m/z, -ve): 449 (AZ-H", 100%) and 463 (WNa*, 37). 

Bis-(2-cyanoetfayI) 3-0- leoyl-l-O-methyi-rac^glycero-l-thiophosphate (Compound 
47) 2-Cyanoethyl ^,^,^;iV^ -tetraisopropylphosphorodiamidite (0.53 mL, 1.7 mmol) was added 
under N2 to a solution f 3-hydroxypropionitrile (94 (1, 1.4 mmol) and 1 H-tetrazole (0.12 g, 1*7 
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mmol) in dry CH2CI2 (10 mL). After stirring for 1 hour, a subsequent portion of 1 /T-tetrazoIe 
(0.19 g, 2.8 mmol) was added followed by the addition of alcohol Con^xmnd 44 (0.S1 g, 1.4 
mmol). After an additional 30 min, elemental sulfur (1 g) and 1/1 CS2/pyTidine (1 mL, vA^) was 
added. After 2 hours, the reaction mixture was filtered through a short silica-gel plug, concentrated 
S and subjected to silica-gel column chromatognq)hy [eluent: ethyl acetate (20- 1 00%) in hexane, v/v] 

to yield protected thiophosphate Compound 47 (0.29 g, 37%) as a pale yellow oil. 

*H NMR (360 MHz; CDCI3): ( 0.88 (3 H, t, J 7 Hz, Me), 1.28 (20 H, apparent br d. 
separation 13.5 Hz, -(CHj)^- and <CH^e'). 160-1,64 (2 H. m, (-Hj), 1.98-2,01 (4 H, m, 
-C^2CH=CHC//2.), 2.34 (2 H, t, /7.5 Hz, (-H^), 2.78 (4 H, t, J 6 Hz, 2 x NCCffjCH^-), 3,47 (3 
10 H. s, OMe), 4.11-4.48 (8 H, m, I-H2, S-H^, and 2 x NCCHjC^j-) and 5.29-5.39 (2 H, m. 

-CHaC^r=C^CH2-); NMR (146 MHz; CDCI3): ( 69.08; ESI-MS (m/z, +ve): 595 (WNa% 
100%). 

3-0-01eoyI-2-0-methyl-riic-glycero-l-thiophosphate (Compound 48) To a sohitiim 
of Compound 47 (100 mg, 0.18 mmol) in CH3CN (1.5 mL) under N2 was added TEA (1,5 mL) 

15 followed by the addition of BSA (0. 1 1 mL, 0.44 mmol). After 24 hours, the reaction mixture was 

concentrated and subjected to S^hadex LH-20 column chromatography [eluent: MeOH/CH^Cls, 
50/50, v/v] to give thiophosphate Compound 48 (75 mg, 92%) as a pale yellow oil. 

"H NMR (360 MHz; CDCI3): ( 0.87 (3 H, t, J 7 Hz, Me), 1.28 (20 H. apparent br d. 
sqjaration 12.5 Hz, -(CH^^' and -(CH^e'). 160-1.61 (2 H, m, (-H^), 2.00-2.01 (4 H, m, 

20 -CH^CH=CHCH2'l 2.35 (2 H, t, J 7.5 Hz, (-Hj), 3.51 (3 H, s, OMe), 3.69 (1 H. br t, 2-H), 

4.13-4.31 (4 H, m, l-H^ and 3-H2), 5.18 (2 H. br s, 2 x OH) and 5,29-5.39 (2 H, m, 
-CH2C^=C^CH2-); ^^PNMR(146MHz; CDCI3): (56.72ESI.MS {m/z, -ve): 465 (Af-H". 100%); 
ESI-MS (m/z, +ve): 467 (WH", 100%). 

3-Hydroxypropyl oleoyl amide (Compound 51) To a solution of 3-amino-pn^an-l-ol 

25 (3.1 mL, 40 mmol) in dry THF (150 mL) was added oleoyl chloride (4.4 mL, 13 nunol). After 16 

hours, the reaction mixture was diluted with ethyl achate (100 mL) and washed with sat. NH4CI 
(2 X 100 mL). The organic extract was dried (MgS04), concentrated and subjected to silica-gel 
column chromatography [eluent: ethyl acetate (25-100%) in hexane, v/v] to give amide Compoimd 
5 1 (4.4 g, 95%) as a white solid. 

30 ^H NMR (360 MHz; CDCI3): ( 0.88 (3 H, t, J 7 Hz. Me), 1.27 (20 H, apparent br d, 

separation 12.5 Hz, -{CH:^^' and -(CHa)^-), 1.60-1.69 (4 H, m. 2-H2 and (-Hj), 1,99-2.00 (4 H, 
m, -CfljCH-CHCffj-), 2.19 (2 H, t,-/7.5 Hz, (-Hj), 3.41 (2 H, quartet, J6 Hz, l-H^), 3.61 (2 H, 
t, 75.5 Hz, 3-H2), 5.29-5.38 (2 H, m, -CH2Cff=C^rCH2-) and 5.90 (1 H, br s, N-H); ESI-MS 
(ot/z, +ve): 340 (MH", 100%). 
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Oibenzyl 3-amuio-3-JV-oleoyl-propyl phos|Aate (C mp und 52) To a mixture of 
Compound 51 (0.34 g, 1.0 mmol) and 1 ^^etrazoie (0.14 g, 2.0 mmol) in diy CH2CI3 (S mL) 
tmder N2 was added dibenzyl ^,^-diisopropylphosphoramidite (1.1 mL, 3 .0 mmol). After 4S min 
/-BuOOH (2 mL) was added and the mixture was stirred for a subsequent 35 min after ^^chtfie 
5 mixture was concentrated and subjected to silica-gel column chromatography [elueot: ethyl acetate 

in hexane, 50/50, v/v] to give dibenzyl phosphate Con^>ound 38 (0.27 g, 44%) as an oil. 

*H NMR (360 MHz; CDCI3): ( 0.87 (3 H, t, ^ 7 Hz, Me), 1 .28 (20 H, br s, KCHa)4- and 
-(CHa)^-), L57(2H,brs,(-H2), 1.77-1.82 (2 H,m,2-H2), 1.98-2.00 (4 H,m,-CfliCH=CHCff2-X 
2.11 (2 H, t, J8 Hz, (-Ha), 3.29 (2 H, quartet, J6 Hz, l-Hj), 4.10^.15 (2 H. t, J 5,5 Hz, 3-H2), 
10 4.99-5.09 (4 H, m, -OC^jPh), 5.28-5.38 (2 H, m, -CHjCffMZfl^CHj-), 6.25 (1 H, br s, N-H) and 

7.35 (10 H, br s, 2 X -Ph); ^'P NMR (146 MHz; CDCI3): ( 0.78 ESI-MS (m/z, +ve): 600 (AiffT, 
100%). 

Dimethyl 3-anuno-3-iV-oleoyl-propyl phosphate (Compound 53) To a mixture of amide 
Compound 51 (0.30 g, 0.9 mmol) and dimethyl chlorophosphate (0.14 mL, 1.3 mmol) in dry 

15 CH2CI2 (5 mL) under Nj was added AT-methylimidazole (0. 14 mL, 1.8 mmol). After 40 hours, TLC 

analysis showed the reaction to be con^lete and the mixture was partitioned between ethyl acetate 
(20 mL) and sat. NaCI (4 mL). The organic phase was dried (MgS04), concentrated and subjected 
to silica-gel colunm chromatography [eluent: 5% MeOH in CH2CI2, v/v] to give dimethyl 
phosphate Compound 53 (0.35 g, 87%) as a pale yellow oil. 

20 'H NMR (360 MHz; CDCI3): ( 0.87 (3 H, t, y 7 Hz, Me), 1.28 (20 H, ^parent br d, 

separation 11.5 Hz, -(CH2)4- and -(CH2)6-), 1.61-1.78 (2 H,m, (-H2), 1.88 (2 H, quintet, ^6 Hz, 
2-H2), 1 .99-2.01 (4 H, m, -CfljCH^CHCffj-), 2. 16 (2 H, t, J 8 Hz, (-H2), 3.38 (2 H, quartet, J 
6 Hz, 3-H2), 3.76 and 3.79 (each 3 H, s, 2 x OMe), 4.10-4.15 (2 H, t, J5.5 Hz, I-H2), 5.33-5.35 
(2 H, m, -CH2CJy=a/CH2-) and 6.25 (1 H, br s, N-H); ^'P NMR (146 MHz; CDCI3): ( 3.19; 

25 ESI-MS (m/z, +ve): 340 (WNa^ 32%) and (A/+83, 100). 

l-O-Palmitoyi-rao-glycidoi (Compound 57) To a solution of glycidol (0.45 mL, 6.7 
mmol) in dry CH2CI2 (50 ml) under N2 at -78'*C was added palmitoyl chloride (2.0 mL, 7.3 mmol). 
After 5 min, pyridine (1.4 mL, 16. 8 iimiol) was added and the reaction inixture was allowed to stir 
for 1 hour at -78°C before being allowed to warm to room temperature over a 1.5 hours period. 

30 Then, the mixture was diluted with CH2CI2 (100 mL), washed with sat. KHSO4 (10 mL), sat 

NaHCO} (10 mL) and sat. NaCl (20 mL), dried (MgS04) and concentrated to give an oil. The 
residue was subjected to silica-gel column chromatogn^hy [eluent: ethyl acetate/hexane, 10/90, 
v/v] to give epoxide Compound 57 (1.3 g, 63%) as a colourless oil. 
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'H NMR (360 MHz; CDCI3): ( 0.88 (3 H, t, J 7 Hz, Me), 1.25 (24 H, br s, 12 x CHa), 

1.63 (2 H, quintet, y 7,5 Hz, (-Hj), 2.35 (2 H, t,J7,5 Hz. (-Hj), 2.65 (1 H, dd, J5 and 2.5 Hz, 
3-H), 2.85 (1 H, t, J4.5 Hz, 3-H), 3.19-3.23 (1 H, m, 2^, 3.91 (1 H, dd, J 12.5 and 6.5 Hz, 

1- H) and 4.42 (1 H, dd, y 12.5 and 3 Hz, 1-H); ESI-MS (m/z, +ve): 335 (A^Na^ 100%). 

5 l-O-PalmitoIeoyl-rac-glycidol (Compound 58) To a solution of glycidol (0.04 mL, 0.8 

mmol) in dry CH2CI2 (10 nil) under N3 at -TS^'C was added palmitoleoyl chloride (0.20 g, 0.7 
mmol). After 5 min, pyridine (0.15 mL, 1.8 mmol) was added and tfie reaction mixture was 
allowed to stir for 1 hour at -78X before being aUcwed to wann to room ten^)eniture over a 1.5 
hours period. Next, the reaction mixture was diluted with CH2CI3 (50 mL), washed with sat. 

10 KHSO4 (5 mL), sat. NaHCOa (5 mL) and sat. NaCl (10 mL), dried (MgS04) and concentrated to 

give an oil. The residue was purified by silica-gel column chromatography [eluent: ethyl 
acetate/hexane, 10/90, v/v] to fiimish epoxide Con^xnmd 58 as a colourless oil. 

>H NMR (360 MHz; CDCI3): ( 0.88 (3 H. t. J6.5 Hz. Me), 1.30 (16 H, br s, -(CH^^- and 
-(CH2)4-), 1.61-1.65 (2 H, m, (-Hj). 2.00-2.01 (4 H, m, -CfliCH-CHCWj-), 2.35 (2 H, t, J7.5 

15 Hz, (-H2), 2.65 (1 H, dd, ^4.5 and 2.5 Hz, 3-H), 2.85 (1 H, t. J 4.5 Hz, 3-H), 3 .20-3.22 (1 H, m, 

2- H), 3.91 (1 H, dd, y 12.5 and 6.5 Hz, l-H), 4.41 (1 H, dd, J 12.5 and 2.5 Hz, 1-H) and 
5.29-5.39(2H,m,-CH2ay=C^CH2-);ES^MS(m/z,^^):311 (A^,30%),^^ 100%). 

Dimethyl 2-aniino-2-iV-oleoyl-€thyl phosphate (Compound 59) To a mixture of amide 
Compound 51(1.0g,3.1 mmol) and dimethyl chlorophosphate (0.50 mL, 4.6 mmol) in dry CH2CI2 
20 (100 mL) under Nj was added iV^methylimidazole (0.73 mL, 9.2 mmol). After 40 hours, TLC 

analysis showed the reaction to be complete and the mixture was washed wi& sat. NaHCO^ (3 x 
20 mL), dried (MgS04) and evaporated to dryness to give dimethyl phosphate Con^>ound 59(1.2 
g, 89%) as a pale yellow oil. 

^H NMR (360 MHz; CDCI3): ( 0.75 (3 H, t, J 6.5 Hz, Me), 1.16 (20 H, ^parent br d, 
25 separation 1 1.5 Hz, -(CH2)4- and <CH^e')> 150 (2 H, br s. (-Hj), 1.88 (4 H, apparent br d, 

separation 5.5 Hz, .CH2CH=CHCfr2-), 2.08 (2 H, t, J7.5 Hz, (-H^), 3.34-3.38 (2 H, m, 2-H2), 

3.64 and 3.67 (each 3 H, s, 2 x OMe), 3.97-4.02 (2 H, m, I-H2), 5.16-5.26 (2 H, m, 
-CH2a/=CffCH2-) and 6.79 (1 H, br s, N-H); ''P NMR(146 Mhz; CDCI3): ( 2.49; ESI-MS (w/z, 
-Kve): 434 (A4H", 100%). 

30 Di-lert -butyl 2-aniino-2-7V-oleoyl-propyl phosphate (Compound 60) To a mixture of 

Con^und 51 (1.0 g, 2.9 mmol) and 1 /T-tetrazole (0.41 g, 5.9 nunol) in dry CH2CI2 (10 mL) 
under N2 was added di-/er/. -butyl ^^-diisopropylphosphoramidite (1.2 g, 4.4 mmol). After 1.5 
h urs, r-BuOOH (2 mL) was added and the mixture vsras stirred for a another 30 min. Next, the 
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mixture was concentrated and subjected to silica-gel column chromatography [eluent: ethyl acetate 
in hexane, 25/75, v/v] to give di-/erf. -butyl phosphate Conq>ound 60 (1 .3 g, 81%) as an oil, 

'H NMR (360 MHz; CDCI3): ( 0.87 (3 H, t, J 7 Hz, Me), 1.27 (20 H, apparent br d. 
separation 10 Hz, -(CH2)4- and -(CH2)6-), 1.49(18H.s,2xBuK)), 1.59-1.66 (2 H.m.(.H2), 1.83 
5 (2 H, quintet, J6 Hz, 2-H2), 1.97-2.00 (4 H, m, -C/f2CH=CHCff2-), 2. 16 (2 H, t, J7.5 Hz, (-Hj), 

3.39 (2 H, quintet, J 6 Hz, 3-H2), 4.03 (2 H, dt, J 7.5 and 6 Hz, I-H2), 5.32-5.35 (2 H, m, 
-CHiCff=C^CH2-) and 6.47 (1 H, m,N.H); ^'PNMR(146 MHz; CDCI3): ( -7.47; ESI-MS (m/r, 
+ve): 420 (A/-2BuM-3H", 78%), 476 (A/-BuM-2H". 30), 532 (AflT, 100). 

2-Aiiuno-2-N-oleoyl-propyl phosphate (Compound 61) A solution of the protected 

10 phosphate Compound 60 (250 n^, 0.47 mmol) was treated with 1/4 TFA/CH^Clj (15 mL, v/v) 

for 3 hours . Next, the reaction mixture was concratrated and the residue was purified by Sephadex 
LH-20 column chromatography [eluent: MeOH/CH2Cl2, 50/50, v/v] to give phosphate Con^iound 
61 (130 mg, 67%) as a v(4ute solid. 

'H NMR (360 MHz; CDCI3): ( 0.8 1 (3 H, t, J 6.7 Hz, Me), 1.20 (20 H, apparent br d, 

15 -(CH2)4- and -(CA^^-X 1,51 (2 H, br s, (-Hj), 1.79 (2H, br s, 2.H2), 1.9 (4 H, m, 

-Cff2CH=CHC^2-)» 2.16 (2 H, br s, (-Hj), 3.3 (2 H, br s, 2-H2), 3.9 (2 H, m, I-H2), 5.25 (2 H, 
m, -CH2ay=CHCH2-) and 7.2 (1 H, br s, N-H); ^^P NMR(146 Mhz; CDCla): (1.10; ESI-MS 
(w/z, -ve): 418 (A/-H*, 100%); ESI-MS (m/r, +ve): 420 (AtfT. 100%). 

l-O-Oleyl-2-O-methyl glycerol (Compound 64) 2-O-Mediyl glycerol (L54 g, 14.5 

20 mmol) was added to a suspension of NaH (0.38 g, 15.9 mmol) in dry DMF (20 mL) under N2. 

After 2 min, oleyl bromide (2.4 g, 7.2 mmol) was added and stirring was continued for 0.5 how. 
Thai, the reaction mixtu re was quenched with water (2 0 mL) and extracted with diethyl ether (150 
mL). The combined organic phases were dried (MgSO^) and concentrated to give an oil which was 
subjectedto silica-gel column chromatography [eluent: EtOAc/Hexane, 50/50, v/v] to give alcohol 

25 Compound 64 (1.3 g, 50%). 

^H NMR (360 MHz; CDCI3): ( 0.88^.89 (3 H, m. Me), 1 .29 (22 H, br s, -{CYi^r and 
.(CH2)r), 1.59 (2 H. br s, (-H2), 2.01 (4 H, br s, <J^^CA-<B£J^^^, 3.44-3.76 (7 H, m, 3-H2, 
I-H2, 2-H and (-Hj), 3.47 (3 H, s, OMe), and 5.34 (2 H. m, -CH2C»K:frCH2-); ESI-MS (m/z, 
+ve): 357 (AtfT, 100%), 379 (AiNa^ 53). 

30 Bi5-(2-cyanoethyl) 3-^^1^1-2-O-methyl-rac-glycero-l-thiophosphate (Compound 65) 

To a solution of 3-hydroxypropiomtriIe (0. 1 6 mL, 2.4 mmol) and 1 if-tetrazole (0. 1 8 g, 2.5 nunol) 
in dry CH2CI2 (8 mL) under N2 was added 2-cyanoethyl 
^,^,7^',J^'^etraisopropylphosphorodiamidite (0.71 mL, 2.2 mmol). After stirring for 1 hour, a 
second portion of 1 /T-tetrazole (0.20 g, 2.8 mmol) was added f Uowed by the addition of alccdiol 
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Compound 64 (O.SO g, 1.4 mmol). After an additional 30 min, elemental sulfur (0.5 g) and 1/1 
CSypyridine (0.5 mL, v/v) were added. After 14 hours, the reaction mixture was filtered through 
a plug of silica-gel, concentrated and purified by silica-gel column chromatography [elueot: 
EtOAc/hexane, 25/75 v/v] to yield protected thiophosphate Compound 65 (0.33 g, 42%) as a pale 
5 yellow oil. 

'HNMR (360 MHz; CDCI3): ( 0.88 (3 H, t, •/? Hz, Me), 1.28 (22 H, m, -(CH^^^- and 
<CH^^X 1.54-1.58 (2 H, m, (-H^), 1.98-2.03 (4 H, m, -CWiCH^GHCWi-). 2.78 (4 H, t,y6 Hz, 
2 X NCajjCHa-), 3.44 (2 H, t, J 7 Hz, (-Hj), 3.46 (3 H, s, OMe), 3.49-3.51 (2 H, m, 3-Hi), 
3.53-3.58 (1 H, m, 2-H), 4.15 (1 H, dd, J 15 and 5 Hz, 1-H), 4.23-4.36 (5 H, m, 2 xNCCHaCfl> 

10 and 1-H) and 5.30-5.39 (2 H, m, .CH2C^=CffCH2-); ^'P NMR (146 MHz; CDCI3): ( 69.04; 

ESl-MS (m/z, +ve): 581 (MNa\ 100%); ESI-MS (m/z, -ve): 504 (AZ-NCC^jCHj, 100%). 

3-^01eyl-2-^niethyl-rac-glycero-l-thiophosphate (Compound 66) To a solution of 
compound Compound 65 (50 mg, 87 (mol) in CHjCN (0.5 mL) under at 30*'C was added TEA 
(0.5 mL) followed by the addition of BS A (54 (L, 0.22 mmol). After 24 hours, the reaction mixture 

15 was concentrated and subjected to Sephadex LH-20 colunm chromatogrs^>hy [eluent: 

MeOH/CHjClj, 50/50, v/v] to give a mixture of thiophosphate Compound 66 and 
mono-deprotected Compound 65 (80 mg) in a 3/2 ratio. 

^'P NMR(146 MHz; CDCI3): ( 59.24, 56.74 (ratio 3/2, respectively); ESI-MS (m/z, -ve): 
451 80%) and 504 (A/+NCCH2CH2-2H", 100). 

20 Bis-(2-cyanoethyl) l-(3-propyl oleoate) thiophosphate (Compound 67) To a solution 

of 3-hydroxypropionitrile (0. 16 mL, 2.4 mmol) and 1 /T-tetrazole (0. 1 9 g, 2.6 mmol) in dry CH2CI2 
(7 mL) under N2 was added 2^yanoethyl^,^,^',^ -tetraisopropylphosphorodiamidite (0.65 mL, 
2. 1 mmol). After stirring for 1 hour, a second portion of 1 /T-tetrazole (0.21 g, 2.9 mmol) was 
added foUowed by the addition of alcohol Compound 28 (0.50 g, 1.5 mmol). After an additional 

25 30 min, elonental sulfiir (0.5 g) and 1/1 CSj/pyridine (1 mL, v/v) were added. After 14 hours, the 

reaction mixture was filtered through a plug of silica-gel, concentrated and purified by silica-gel 
column chromatography [eluent: EtOAc/hexane, 25/75 v/v} to yield protected thiophosphate 
Compound 67 (0.27 g, 34%) as a pale yellow oil. 

'H NMR (360 MHz; CDCI3): ( 0.88 (3 H, t, J6.5 Hz, Me), 1.28 (20 H, apparent br d, 

30 separation 13.5 Hz, <CH^a' and -(CHJ^-), 1.61 (2 H, br s, (-H^), 2.02-2.05 (6 H, m,2-H2 and 

-CffjCH^CHCffj-), 2.31 (2 H, t, 7.5 Hz, (-H^), 2.78 (4H,t,y6Hz,2x NCCHiCHj-). 
4. 17-4.24 (4 H, m, l-Hj and 3-H2 or 2 x NCCH^CfTj-), 4. 17^.24 (4 H, m, 1-Hj and 3-H2 or 2 x 
NCCHjCWj-), and 5.34 (2 H, br s, -CHjCff^I^fCHr); ^'P NMR (146 MHz; CDCI3): ( 68.19; 
ESI-MS (ot/2, +ve): 543 (Wff^, 77%) and 565 (AiNa% 100). 
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l-(3-pr pyloleoate)thi phosphate (Comp und68)ToasolutionofConipoiind67(220 
mg, 0.41 nunol) in CHaCN (2 mL) under was added TEA (2 mL) followed by the addition of 
BSA (0.25 mL, 1.01 mmol). After 66 hours, the reaction mixture was concentrated and subjected 
to Sephadex LH-20 column chromatpgraphy [eluoit: MeOH/CHsCl^, 50/50, v/v] to give 
5 thiophosphate Compound 68 (144 mg, 69%) as a pale yellow oil. 

'H NMR (360 MHz; CDCI3): ( 0.85 (3 H, t, J 7 Hz, Me), 1.25 (20 H, apparent br d, 
separation 11.5 Hz, -(^2)4- and -<C^i)«rX 1 58 (2 H, br s, {-H^, 1.97-2.02 (6 H, m, 2-H, and 
-Ci/jCH^CHCffj-), 2.30 (2 H, t, J7.5 Hz, (-Hj), 4.11-4.17 (2 H, m, l-Hj or 3-H2), 4.21 (2 H, 
t, J6 Hz, I-H2 or 3-H2), 5.31 (2 H, br s, -CHjC/f^CWCHj-) and 7.26 (2 H. br s, 2 x OH); 
10 NMR (146 MHz; CDCI3): ( 48.60 ESI-MS (m/z, -ve): 465 (Af-H*^, 100%); ESI-MS (w/r, -We): 

323 (100%) and 437 (/WH^, 95). 

Di-/ert -butyl 3-0-oleyl-2-l>-methyl-racvgiycero-l-thiophosphate (Compound 69) To 
a mixture of Compound 64 (0.3 g, 0.84 mmol) and 1 ^-tetrazole (0.12 g, 1.7 mmol) in dry 
CH3CI2 (5 mL) under N2 was added di-/err. -butyl ^,^-diisopropylphosphorainidite (0.34 mL, 1 . 1 
15 mmol). After 2 hours, elemental sulfur (0.5 g) and 1/1 CS2/pyridine (1.0 mL, v/v) were added and 

the mixture was stirred for a another 2 hours after. Then, the mixture was filtered through a plug 
of silica-gel, concentrated and subjected to silica-gel colunm chromatography [eluent: ethyl acetate 
in hexane, 1/15, v/v] to give di-rer^ -butyl thiophosphate Compound 69 (0.48 g, quant.) as an oil. 

*HNMR (360 MHz; CDCI3): ( 0.87 (3 H, t, J 7 Hz, Me), 1.26-1.30 (22 H, m, -iCHd^" 
20 and -iCH^^-X 1.53 (20 H, m, 2 x Bu»0 and (-HJ, 1.97-2.01 (4 H, m, -CfTjCH^CHCWj-), 3.43 

(2 H, t, J7 Hz, (-H2), 3.46 (3 H, s, OMe), 3.48-3.57 (3 H, m, 3-H2and 2-H), 4.01-4. 14 (2 H, m, 
I-H2) and 5.34 (2 H, apparent t, separation 5 Hz, -CHjC/y^CfTCHj-); ^^P NMR (146 MHz; 
CDCl3):( 52.39; ESI-MS (m/z,-ve): 507(/V/.Bu', 100%); ESI-MS (m/z,+ve): 589 (WNa*, 100%). 

Dimethyl erucyl phosphate (Compound 70) To a solution of erucyl alcohol (0.50 g, 1 .5 
25 mmol) in diyCHjCls (10 mL) was added JV^methylirnidazole (0.14 mL, 1.7 nunol) followed by the 

addition of dimethyl chlorophosphate (0.20 mL, 1.9 mmol). After 20 hours, the reaction mixture 
was concentrated and subjected to silica-gel column chromatpgr^hy [eluent: hexane/ethyl acetate, 
66/33, v/v] to give dimediyl phosphate Compound 70 (0.59 g, 89%) as an oil. 

'HNMR (360 MHz; CDCI3): ( 0.88 (3 H, t, .77 Hz, Me), 1.26 (30 H, br s, -(CH2)9- and 
30 •(CHa)^-), 1.68 (2 H, quintet, J 7 Hz (-Hj), 2.01 (4 H, apparent br d, separation 5 Hz, 

-Cfl^2CH=CHCff2-). 3.75 and 3.78 (each 3 H, s, 2 x OMe), 4.04 (2 H, quartet, J7 Hz, (-Hj), and 
5.30-5.39 (2 H, m, ^H^CH-CHCH^-); ^'P NMR(146 Mhz; CDCI3): ( 2.65; ESI-MS (m/z, +ve): 
433 (MET, 100). 
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Erucyl phosphate (C mp und71) To a solution fprotected phosphate CmqxKind 70 
(ISO mg, 0.35 nimol) in dry CH2CI2 (6 mL) was added BSA (0.19 mL, 0.76 mmol) followed by 
the addition of TMSBr (0.10 mL» 0.76 mmol). After 30 min, TLC analysis showed complete 
consunqition of the starting material and die reaction was quenched with 1/ 1 MeOH/HjO (2 mL, 
5 v/v) for 15 min, followed by the addition of sat. KHSO4 (5 mL). Subsequoitly, the reaction 

mixture was extracted with ethyl acetate (2 x 30 mL), the organic extracts were combined, dried 
(MgS04) and concentrated to give an oil vMch was subjected to Sephadex LH-20 column 
chromatography [eluent: MeOH/CH3Cl2, 50/50, v/v] to give phosphate Coxiqxnmd 71 (90 mg, 
64%) as an oil. 

10 'HNMR (360 MHz; CDCI3): ( 0.88 (3 H, t, y 7 Hz, Me), 1.26 (30 H, br s, <CH^' and 

-(CHa)^-), 1.66 (2 H, quintet, J^6.5 Hz (-HJ, 1.98-2.03 (4 H, m, -C»iCH=CHCHi-), 3.94-4.00 
(2 H, m, (.H2), 5.30-5.39 (2 H, m, <;H2C^=<:ire;H2-) and 7.32 (2 H, br s, 2 x OH); 
NMR(146 Mhz; CDCI3): ( 2.59; ESI-MS (m/z, -ve): 403 (A/-H^, 100). 

Oleyl 2-O-methyl-rac-glycerate (Compound 76) To a solution of oxalyl chloride (87 (L, 

15 1.0 mmol) in CH2CI2 (7 mL) at -78''C was added DMSO (71 (L, 1 .0 nunol). After 20 min, alcohol 

Compoimd 42 (0.20 g, 0.91 mmol) was added followed, after another 20 min, by the addition of 
triethylamine (0.63 mL, 4.6 mmol). The reaction was warmed to room temperature over a 10 min 
period, filtered through a plug of silica-gel, which was washed with ethyl acetate (50 mL) and 
concentrated to give 3-0-f-butyldimethylsilyK2-0-methyl-rac-glyceraldefayde Conqxxmd 73 (0.20 

20 g, 100%) as a colourless oil. 

'HNMR (360 MHz; CDCI3): ( 0.07 (6 H, s, MczSi), 0.88 (9 H, s, Bu^Si), 3.51 (3 H, s, 
OMe), 3.67-3.68 (1 H, m, 2.H), 3.92 (2 H. br d, J6.5 Hz, 3-Hj), 9.72 (1 H, s, CHO). 

To a vigorously stirring mixture of CH2CI2 (20 mL), water (20 mL) and aldehyde 
Compound 73 (0.93 g, 4.3 mmol) at O^C vras added sulfiunic acid (0.63 g, 6.8 mmol) and 

25 2-methyl-2-butene (0.60 g, 8.5 mmol). After 5 min, sodium chlorite (0.77 g, 8.5 mmol) was added 

and the reaction was monitored by TLC imtil no starting material remained. The reaction mixture 
was extracted with CH2CI2 (2 x 20 mL), and the combined organic layers were washed with sat. 
NaCI (2 X 20 mL), dried (MgS04) and concentrated to give a colourless oil. The oil was 
redissolved in CH2CI2 (50 mL) after which sat. NaHCOj (10 mL) was added. The aqueous phase 

30 was isolated, CH2CI2 (50 nnL) was added and the mixture was acidified by adding 10% aqueous 

acetic acid (v/v). The oiganic phase was dried (MgS04) and concentrated to give 
3-0*t-butyldimethylsilyl-2-0-methyl-rac-glyceric add Compound 74 (0 . 3 9 g, 3 8%) as a colouriess 
oU. 
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"HNMR (360 MHz; CDCI3): ( 0.07 and 0.07 (each 3 H, s, McjSi), 0.88 (9 H, s, Bu^i), 
3.52 (3 H, s. OMe) and 3.87-3.99 (3 H, m. 2-Hand S-Hj). 

To a mixture of oleyl alcohol (0.S2 mL, 1 .6 nunol), DIC (0.27 mL, 1 .7 mmol) and glyceric 
acid Compound 74 (0.39 g, 1,6 mmol) in DMF (10 mL) was added DNfAP (-20 mg). After 16 
S hours, the solvoit was removed in vacuo and the residue was partitioned between EtOAc (SO mL) 

and water (10 mL) . The organic phase was dried (MgS04) and concentrated to give an oil vtUch 
was purified by silica-gel column cfaromatc^raphy [eluent: EtOAc/Hexane, 10/90, v/v] to give 
oleyl 3-O-t-butyldimethyls0yI-2-O-meChyl-rac-glycerate Compcmnd 75 (0,33 g, 41%) as a 
colouriess oil. 

10 'HNMR (360 MHz; CDCI3): ( 0.05 (6 H, s, McjSi), 0.86-0.89 (12 H. m, Bu*Si and Me), 

1.28 (22 H, apparent br d, separation 10.5 Hz, -(^2)5- and -(CHj)^.), 1.61-1.67 (2 H, m, (-Hj), 
1.98-2.04 (4 H, m, -Cff^CHKaiCfTj-), 3.44 (3 H, s, OMe), 3.83-3.90 (3 H, m, 1-H and 2-H2), 
4.15 (2 H, t, y 7 Hz, (-H2), and 5.33-5.39 (2 H, m, -CHjC/ZMZ^CHa-). 

IM TBAF (0.7 mL, 0.7 mmol) was added to a solution of Conqxiund 75 in THF (8 mL). 

15 After 40 min, TLC analysis showed that all the starting material had been consumed. Then, the 

reaction mixture was partitioned between diethyl ether (100 mL) and sat. NaCl solution (15 mL). 
The organic extract was dried (MgS04) and concentrated to give a yeUow oil which was subjected 
to silica-gel column chromatogr^hy [eluent: hexane/ethyl acetate, 80/20, v/v] to give the title ester 
(Compound 76) (0.18 g, 71%). 

20 »H NMR (360 MHz; CDCI3): ( 0.87 (3 H, t, J 7 Hz, Me), 1.28 (22 H, ^parent br d, 

separation 1 1 Hz, -(CHJj- and -(CHj)^), 1 .65 (2 H, quintet, y 7 Hz, (-Hj), 2.01 (4 H, quintet, J 
6.5 Hz, -C^2CH=CHC//2.), 2.24 (1 H, m, OH), 3.49 (3 H, s, OMe), 3.75-3.81 (1 H, m, 
2-H2),3 .89 (2 H, quintet, ^3.5 Hz, 3-H2 or (-Hj), 4. 1 M.22 (2 H, m, 3-H2 or (-Hj) and 5.29-5.40 
(2 H, m, -CHjCT/^C^CHj.); ESI-MS (m/r, +ve): 393 (WNa*, 100), 763 (2AfNa^ 20). 

25 Oleyl l-(bis-(2-cyanoethyl) tiiiophosphoryl)-2-0-metfayl-rac^glycerate (Compound 77) 

To a solution of 3-hydroxypropionitrile (55 (L, 0.80 mmol) and 1 /T-tetrazole (60 mg, 0.85 mmol) 
in dry CHjCl^ (4 mL) under Nj was added 2-cyanoethyl KN,N\N*' 
tetraisopropylphosphorodiamidite (0.24 mL, 0.76 mmol). After stirring for 1 hour, a second 
portion of 1 /T-tetrazole (66 mg, 0.94 mmol) was added followed by the addition of ester 

30 Compound 76 (175 mg, 0.47 mmol). After 1 hour, elemental sulfiir (0.25 g) and 1/1 CSj/pyridine 

(0.5 mL, v/v) were added. After an additicxial 2 hours, the reaction mixture was filtered through 
a plug of silica-gel, concentrated and purified by silica-gel column chromatognqshy [eluent* 
EtOAc/hexane, 25/75 v/v] to yield protected thiophosphate 77 (78 mg, 29%) as a pale yellow oil 
and recovered ester Compound 76 (73 mg, 42%). 
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'H NMR (360 MHz; CDCI3): ( 0.86 (3 H, t, ^ 7 Hz, Me), 1.27 (22 H. appaient br d, 
separation 12.5 Hz, -(CH^^' and -(CHa)r). 165 (2 H, quintet, (-Hj), 1.98-2.02 (4 H, m, 
-CHiCH=CHCHi-), 2.76 and 2.78 ( each 2 H, t, J6.S Hz, 2 x NCCHiCHj-), 3.48 (3 H, s, OMe), 
3.99 (IH, t, J 4.2 Hz, 2-H), 4.17 (2 H. t, J 7 Hz, (-Hj), 4.22-4.47 (6 H, m, 3-Hj and 2 x 
5 NCCHaOfj-) and 5.28-5.37 (2 H, m, -CHjCff=C«CH2-); "P NMR (146 MHz; CDClj): ( 69.04; 

ESI-MS (m/z, 573 (A/-H*, 25%), 595 (MNa*, 100). 

Oleyl l-thiophosphoiyl-2-O-methyl-rac-glycerate (Compound 78). To a solution of 
Compound 77 (100 mg, 0.18 mmol) in CHjCN (0.5 mL) under N3 at 30<'C was added TEA (0.5 
mL) followed by the addition of BSA (0. 1 1 mL, 0.45 mmol). After 24 hours, the leactirai nuxtuie 
10 was concentrated and subjected to Sqihadex LH-20 column chromatogisq)hy [doent: 

MeOH/CHjCl,, 50/50, v/v] to givethiophosphate Compound 78 (40mg. quant) as a pale yellow 
oil. 

'HNMR (360 MHz; CDClj): ( 0.87 (3 H, t, J7 Hz, Me), 1.24-1.35 (22 H, m, -{CH^r 
and -(CH^), 1.65 (2 H, quintet, (-Hj). 1.98-2.03 (4 H. m, -CHjCH=CHC»i-), 3.47 (3 H, s. 

15 OMe), 4.09 (IH, dd, J5 and 3.5 Hz, 2-H). 4.09-4.38 (4 H, m. l-Hj and (-HJ, 5.32-5.38 (2 H, 

m, .CHiC^=CHCHj-), 5.5 1 (2 H, br s, 2 x OH); ''P NMR (146 MHz; CDClj): ( 55.28; ESI-MS 
(m/z, -ve): 465 (/IZ-IT, 100%). 

3-<9-01eoyl-2-0^methyl-rac-gIycero-l-snlfatc(Compoiind81)Toasolutionofa]oobcd 
Compound 44 (0.30 g, 0.8 mmol) in DMF (10 mL) was added triethylamine sulfin- triaxide 

20 complex (0.74 g, 4. 1 mmol) and die mixture was stirred for 5 .5 h at 40*>C. Next, NaHCO, (0.3 

g, 3.6 mmol) was added and ,after stirring for another 30 min, the mixture was filtered through a 
glass sinter. The filtrate was concentrated to give a light brown oil which was subjected to 
Sq>hadex LH-20 column chromatography [eluent: MeOH/CHjCl,, 50/50, v/v] to fiimish, after 
extensive drying in vacuo, sui&te Compound 8 1 (0.52 g) as its triethylamine salt 

25 »H NMR (360 MHz; CDCI3): ( 0.87 (3 H, t, 7 7 Hz, Me), 1.27 (20 H, apparent br d. 

separation ^ 1 1 Hz, -(CHj)4- and -(CHj)^), 1.46 (15 H, t, (CffjCH^, J7 Hz), 1.59 (2 H, m, 
(-H2), 1.97-2.02 (4 H,m, -CfliCH=CHCff,-), 2.31 (2H,t.^7.6Hz.(-H2), 3.21-3.13 (10 H, m, 
(CHjCHj)}^), 3.45 (3 H, s, OMe), 3.69-3.74 (1 H, m, 2-H), 4.06^.29 (4 H, m, l-Hj and 3-H2) 
and 5.28-5.37 (2 H, m, -CHjC^^C^CHj-); "P NMR (146 MHz; CDC!,): ( 63.69 (m); ESI-MS 

30 (m/z, +ve): 656 (ArfH*+2TEA, 100%); ESI-MS (m/z, -ve): 449 (W-IT, 100%). 

Bis(3-0^oleyi-2-0-methyl-rac-glyceryl) thiophosphate (Compound 80) To a solution 
of 1 if-tetrazole (0.3 1 g, 4.0 mmol) and 2-cyanoediyl V,;sr'-tetrais<vrcvylphosph rodiamidite 
(0.53 mL, 1.7 mmol) in dry CHjClj (5 mL) under Nj was added alcohol Con^und 64 (0.38 g, 
1.1 mm I). After stirring for 30 min, elonentai sulfiir (0.5 g) and 1/1 CSj/pyridine (0.5 mL, v/v) 
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were added. After 2 h, the reaction mixture was filtered through a plug of silica-gel, canceotrated 
and purified by silica-gel column diromatogr^hy [eluent: EtOAc/hexane, 25/75 vAr] to yield 
2-cyanoethyl bis(3-O-oleyl-2-0-methyl-rac-glyceryl) thiophosphate (Conqxiund 79) (0. 1 5 g, 34%) 
as a pale yellow oil. 

To a solution of con^und 79 (0.15 g, 0.18 mmol) in CH3CN (1.5 mL) under N2 was 
added TEA (1.5 mL) followed by the addition of BSA (0.17 mL, 0.68 mmol). After 60 h, the 
reaction mixture was concentrated and subjected to Sq>liadex LH-20 column chromatography 
[eluent: MeOH/CHaCl^, 50/50, v/v] to give thiophosphate Con^xnmd 80 (0.12 g, 81%). 

NMR (360 MHz; CDCI3): ( 0.87 (6H,t,J7Hz,2x Me), 1 .26 (44 H, apparent br d, 
separation^ 6 Hz, 2 x -(CH^^' and 2 x -{CU^^l 1.55 (4 H, m. 2 x (-HJ, 1.97-2.00 (8 H, m, 2 
X -CFTjCH^CHCWi-), 3.43 (4 H, t, J 7 Hz, 2 x (-Hj), 3,47 (6 H, 2 x s, 2 x OMe), 3.49-3.59 (6 
H, ^^ 2 x 2.H and 2 X 3-H2), 3.99-4.20 (4 H, m, 2 X I-H2) 5.33 (4 H, m, 2 X -CHjCff^^^rCHj-^ 
and 5.68 (2 H, br s, 2 x OH); NMR (146 MHz; CDCI3): ( 63.69 (m); ESI-MS (m/z, +ve): 792 
(fidlt, 100%); ESI-MS (w/z, -ve): 790 (AZ-H", 100%). 

Example 2 
Antj-apoptotic Activity Assay 

In order to determine the apoptotic activity of the claimed invention, the following method 
of analysis was used. The cell assay is described in detail in U.S. Patent Nos. 5,637,486, 
5,620,888, and 5,681,703, and Tomei et al. (1993) Proc Natl. Acad, Sci. 90:853-857. Briefly, 
mouse fibroblast C3H/10T1/2 cells (clone 8) were obtained firomATCC (Rockville, MD) and were 
maintained in exponential growth phase in whidi the cell cycle is randomly distributed and no cells 
are arrested in Go, and in quiescence. Exponential growth phase was assured by seeding at 2000 
cells per 1 ml (5 ml for a 60 mm culture plate) five days prior to the beginning of the experiment 
Assays were performed on cells only up to passage 15. At T=0, cultures were transferred to 
serum-fiee mediiun, as an apoptosis stimulus, and seed extracts were added. Controls included 
10*^ and 5 X 10^ M 12-O-tetradecanoyl phorix>l-13-acetate (TPA) to ensure the responsiveness 
of the cell culture. The samples were added to serum fi:ee medium and sterile filtered prior to 
addition to the cultures. Assays were performed in triplicate or quadruplicate. Analyses of the cell 
responses were made betwem 18 and 28 hours of serum deprivaticm. Two assays were performed 
on each cell culture plate consisting of di£ferential cell counts. 

1. All non-nadherent or loosely adherent cells were removed bom the culture dish and 
counted by appropriate techniques, typically counting by electronic particle coimting instrument. 
These are the s^ptotic cells, the serum deprived released cells (SDR), released by the action of 
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cultivation in serum-free medium. Approximately 95% of tfaes released cells are apc^itotic as 
shown by both ultrastructure analysis and DNA fiagmentation analysis. 

2. The remaining adherent cells (ADH) were e3qx>sed to a buffered, typically pHJ7.3, 
balanced salt solution such as Hanks Balanced Salt Solution without calcium and magnesium saks 
containing 0.05% trypsin and 0.S3 mM ethyloie diaminetetraacetic add (EDTA). Each culture 
was incubated at either room temperature or 37(C on a rocking platform to ensure uniform 
distribution of die trypsin reagent over the culture sur&ce. 'After a standardized period of time, 
typically 10 minutes, the released cells were removed fix>m each culture dish and measured by the 
same means as described above, typically electronic particle counting. This ADH cell count is 
comprised of both trypsin resistant and trypsin sensitive cells as described in U.S. Patent Nos. 
5,637,486, 5,620,888, and 5,681,703, 

Anti-apoptotic activity is expressed in the following exanq)les as the calculated 
concentration of material ((g/ml of media) required to save 50% of the cells released on serum fiee 
treatment. 

Example 3 
Preparation of Five Phospholipid Mixture 

Commercially available purified soy phospholipids containing lysophosphatidic acid and 
the following other phospholipids: PA, PI, LPI, LPC (available, for example, from Avanti® Polar 
Lipids, Inc.) were suspended in 50 mM ammonium bicarbonate pH 8.0 containing 154 mM NaCl 
or buffered aqueous solutions fi^ of divalent cations having a pH range of 5 to 8. Total 
concentrations of phospholipids of greater than 10 mg/mL can be used provided that clarity is 
obtainable upon sonication. Total concentrations of up to about 50 mg/mL have been utilized. 

Typically, the phospholipid mixtures are suspended in a buffer and the mixture is placed 
in a disposable borosilicate glass, preferably 1-2 mL in a 16 x 100 mm tube or 0.5-2 mL in a 13 
X 100 nun tube, or up to 1 mL in a 12 x 75 mm tube. The combination of phospholipids is then 
sonicated. Preferably, a small bath sonicator is used, such as a that sold by Laboratory Supplies, 
Hicksville, NY. The temperature of the water bath is between about 21 and 50^C, preferably 
between about 2 l^C and about 40°C. The optimal temperature depends on the phospholipids used 
and can be determined empirically. The water level is adjusted so that it is approximately the sancte 
height as the phospholipid mixture in the glass tube(s). Alternatively, a probe sonicator can be 
used (Fisher Scientific Sonic Dismembrator model 550), as long as care is taken to prevent 
overheating of the mixture. 
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The inixturB was sonicated for between 3 and 90 minutes, with aheniating 5 minute 
intervals of sonicaticm followed by 5 minutes of thermal equilibration, in a 1-2 ml volume until the 
mixture became translucent and ()assed readily through a filter attached to a 5 ml syringe with a 
pore size of 0.22 (m. Preferably, sonication is for 5-10 minutes. 

The stability of the compositions at various temperature was determined. The 
compositions were stored for one wedcat4^C, roomtenq)erature, and 65**C. The results show loss 
of activity after storage at 65^C, while the con^sitions stored at 4®C or at room tenq>erature do 
not have a significant loss of activity. 

Optimization of each constituent phospholipid was detennined by mixixig the purified 
phospholipids in various ratios, varying one phospholipid at a time. Each mixture was analyzed 
for anti-apoptotic activity as described in Example 2. When the apparent optimized ratio was 
obtained, the ratio of the most active ingredient was varied to find the absolute optimized activity. 
Table 2 shows the final ratios tested (10: 10:8:2:4 is the *Tive Phospholipid Nfixture'" referred to 
herein). 



TABLE 2 



PA: 


PI: 


LPA: 


LPI:LPC 


10: 


10: 


2 : 


2 : 1 


10: 


10: 


2 : 


2 : 2 


10: 


10: 


2 : 


2 : 4 


10: 


10: 


4 : 


2 : 4 


10: 


10: 


4 : 


2 : 1 


10: 


10: 


4 : 


2 : 2 


10: 


10: 


8 : 


2 : 4 



The concentration of LPA was varied as was the chain length to determine the effects of 
these parameters on activity. 

Example 4 
Anti-apoptotic activity of LPA 
The ability of 18:1-LPA and other LPAs to protect serum-starved cells firom ^}optotic 
death was measured using the C3H/10T1/2 cell assay, performed as described in Example 2. The 
effect of various compounds on the ability of lysophosphatidic acid to protect serum-starved cells 
firom apoptotic death was also measured. Log phase cells were seeded in 60 mm Petri dishes at 
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175-350 cells per cm2 and maintained in Basal Medium Eagle (BME) supplorcnted with 10% 
Heat Inactivated Fetal Bovine Serum (HIFBS). On day 3 the cells were pven fiesh media. 
Treatment began on day 5 when the media containing s^um was removed and replaced with ibo 
LPAmixturetobetested. After 24 hours oftreatment, day 6, senmidq>rived released (SDR) cells 
5 (the apoptotic cell population) and adherent (ADH) cells were separated and counted using an 

electronic cell counter (Coulter Corporation, Hialea, FL). SDR cells were counted widi the lower 
threshold setting at 6 . 3 (m and were defined as the £qx>ptotic cells dying in response to cultivation 
in serum fiee media. Approximately 95% of the SDR cells were confirmed to be sqsoptotic as 
previously shown by size, ultrastnicture and DNA fragmentation analysis. Adherent cells were 

10 remove by treatment with 5 mL of Hanks Balanced Sah Solution (HBSS) without ions containing 

0.05%trypsin and 0.53 mM EDTA and were counted with the lower threshold setting at 1 1 .01 (m. 
All samples were tested in triplicate and serum*deprived controls (BME only) were assayed at both 
the beginning and end of each experiment. 

To test the efficacy of each LPA to inhibit sqraptosis or preserve fimction of 

15 serum-deprived cells, 2.5 ( Mol of dried LPA was dissolved (via approximately 5 minute 

sonication) in ImL of citrate-saline (10 mMNa Citrate, 110mMNaCl,pH6.5)togivea2.5mM 
stock solution and presented to the cells at four concratrations: 1, 3, 10 and 30 (M LPA. The 
results are shown in Fig. 1 (lysophosphatidic acid) and Table 3. The effects of LPA alone or in 
combination with various proteins or liposomes are expressed as percent cells saved. 

20 



TABLES 



Compound U 


Concentration for 
Max Effect (jxM) 


Maxim um effect 
relative to 18:1 LPA 


78 


1 


160% 


68 


1 


150% 


48 


1 


130% 


66 


1 


130% 


80 


3 


100% 


18:1 LPA 


10 


100% 


18:2 LPA 


10 


100% 


24 


10 


100% 
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Compound # 


Concratration for 
Max Effect (a«M) 


Maximum effect 
relative to 18:1 LPA 


12 


10 


100% 


16 


10 


100% 


30 


30 


100% 


16:0 LPA 


10 


80% 


14:0 LPA 


30 


80% 


71 


100 


76% 


46 


30 


75% 


37 


30 


75% 


61 


30 


70% 


19 


30 


50% 


10:0 LPA 


30 


30% 


24:1 LPA 


30 


30% 


23 


30 


17% 


33 


ND 




70 


ND 




11 


ND 




39 


ND 




38 


ND 




6:0 LPA 


ND 




15 


ND 




29 


ND 




25 


ND 




45 


ND 




36 


ND 




4 


10 


Toxic 


59 


30 


Toxic 


8 


30 


Toxic 
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Compound # 


Concentration for 
Max Effect (jiM) 


Maximum effect 
relative to 18:1 LPA 


3 


30 


Toxic 


53 


100 


Toxic 



ND: no protection detected. 



For those compounds exhibiting toxicity, the dose shown is the lowest concentration at 
5 which cytotoxic efifects were observed. 

In medium alone, ^proximately 80% of serum-deprived lOTl/2 cells were non adherent 
following 24 hour serum deprivation. However, 18: 1-LPA at various concentrations (1, 3, 10, 30 
(M) showed anti-apoptotic activity, protecting 35% to approximately 53% of Ae cells. 18:1-LPA 
combined with polyethylene glycol or BSA also protects serum-deprived lOTl/2 cells from 
10 ^xsptosis. 

When 18: 1-LPA (at the same various concentrations) was combined with BME 
(containing calcium) and filtered prior to presentation to seriun-dq>rived lOTl/2 cells, the 
anti-apoptotic activity of 18: 1-LPA s^peared to be inhibited. The addition of BSA sq^parently 
preserved the anti-apoptotic activity of 18: 1-LPA despite the presence of calcium, as seen when 

15 18: 1-LPA (at the same various concentrations) was combined with BSA in BME (containing 

calcium) and presented to serum-deprived lOTl/2 cells. 

To test the efiBcacy of LPA, presented in a lipid monbrane structure, to inhibit apoptosis 
in serum-deprived cells, LPA was incorporated into lipid membrane structures of various lipid 
compositions. Except in the Five Phospholipid Mixture treatments, LPA was presented to the cells 

20 as 18:1-LPA, and was tested in all preparations at four concentrations: 0.25, 0.75, 2.25 and 6.75 

(g/ml. The results are shown in Fig. 2. In medium alone, approximately 50% of the cells died of 
serimi deprivation-induced zq^optosis. Phosphatidylserine (PS) alone was slightly toxic. When 
18:1-LPA at 0.75 (g/ml was added together with PS, approximately 75% of cells were protected. 
Positively charged particles containing 18: 1-LPA combined with the neutral phospholipid 

25 phosphatidyl choline (PC) and 20 mol% of the positively charged lipid 

l,2-dioleoyl-3-trimethylammonium-propane (TAP) were efScacious in protecting 70 to 80 % of 
cells, conqiared with PCATAP alone, offered no protection over control. Incorporation of 
18: 1-LPA into the negatively charged phosphatidyl glycerol (PG) gave even better protection, with 
up to 90% of cells protected as compared to alone which offered no protection over control. 

30 However, inclusion in the 18:1-LPA/PG particles of 5 to 10 mol% of the neutral phospholipid 
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ph sphaddylethanolamine (PE) with a long polyethylene glycol (2000 MW) covalently linked to 
the polar head group resulted in reduced efiBcacy of 1 8 : 1 -LPA. Taken together, these data suggest 
that LPA, presented in particles as a 10% by weight mixture with either PC or PG, afforded a 
degree of protection similar to that achieved with Five PhosphoIq>id Mixture against serum 
deprivation-induced ^x>ptosis. 

LPA was then tested in two dififerent weight ratios with PG, using 18:1-LPA in 
concentrations representing LPA equivalents to Five Phospholipid Mixture at 1, 3, or 10 (g/ad. 
As shown in Fig. 3, LPA equivalent to 10 (g/ml Five Phospholipid Mixture incorporated into 
particles at 10% by weight with PG protected sqpproximately 65% of cells from apoptosis. This 
degree of protection was roughly the same as that afforded by Five Phospholipid Mixture alone. 
Increasing the weight percent of 1 8 : 1 -LPA to 23 . 5 resulted in a reduction of the proportion of cells 
saved to about 50%. Incorporation of 1 8: 1-LPA into particles containing 1: 1 ratio PG:PC with 
23.5 % by weight 18:1-LPA gave particles that protected about 57% of cells. In this assay, in 
medium alone, only about 30% of cells survived serum-deprivation, and ^en PC or PG/PC 
mixtures alone were added to the culture medium, only about 25% of cells survived. 

Various other natural lysophospholipids were tested for ability to protect cells from serum 
deprivation-induced cell death. Of the phospholipids tested, cmly lysophosphatidyl serine (LPS) 
showed any significant activity in the C3H10T1/2 assay. On a molar basis, LPS was 
approximately 50% as active as 18: 1-LPA (Fig. 4). Pahnitoyl-LPA (16:0 LPA) at IS (M 
protected 63 % of cells, which was similar to the protection afforded by 15 (M 18: 1-LPA. 
However, differences were seen at lower concentrations of the two LPAs: 5 (M 18:1-LPA 
protected about 62% of cells, while 5 (M palmitoyl-LPA protected only about 42% of cells, 
compared with a medium alone control of 30% protection (Fig. 5). Similarly, stearyl-LPA at 15 
(M and at 5 (M protected 65 and 63% of cells, respectively, while 18:1 LPA at 15 (M and 5 (M 
protected 80% and 75%, respectively (Fig. 6). Stearyl-LPA and 16: 1-LPA as 10% dispersions 
in PG gave similar degrees of protection. 

The efBcacy of various mixtures of oleoyl-lysophosphatidic acid and phosphatidic acid 
(PA):phosphatidyl inositol (PI) was also tested, oleoyl-lysophosphatidic acid was mixed at 10, 20 
and 30% by weight with PA:PI at a 1:1 (by weight) ratio and tested in the C3H10T1/2 serum 
deprivation assay. The results (Fig. 7) indicate that oleoyl-lysophosphatidic acid presented to 
C3H10T1/2 cells at the time of senun deprivation as a 30% (by weight) mixture with 1:1 PA:PI 
in a final concentration equivalent to Five Phospholipid Mixture at 10 (g/ml afforded nearly the 
same degree of protection (about 82% of cells protected) as Five Phospholipid Mixture at 1 0 (g/ml 
(about 87% of cells protected), compared to a medium alone control value of 38%. 
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18:1-LPA was presented to C3Hri01/2 cells at the time of senim deprivation as a 10% 
(by weight) mixture with PC, PC containing 5 mol% phosphatidyl ethanolamine-N-polyedqdene 
glycol (PE-PEG), or PC containing 20 mol% l,2-<lt-oleoyl-5/i-glycero-3-ethylphosphod]oline 
(EtPC). The results, in Fig. 8, show that preparations containing LPA incorporated into PC, 
5 PC/PE-PEG, or PC/EtPC were all effective in protecting cells firom serum deprivation-induced cell 

death, with 18:l-LPA/PC/EtPC liposomes providing as much protection (approximately 85% of 
cells protected) as Five Phospholipid Mixture. 

The analogs and derivatives of lysophosphatidic acid that were tested (Table 3) generally 
showed activity similar to lysophosphatidic acid. One genus of LP As, the phosphothionate 
10 analogs, (exemplified by the following conqx)sitions: 3-0-01eoyl-2-0-mediyI-rac-glyccro-l- 

thiophosphate, Oleyl l-thiophosphoryl-2-0-methyl-rac-gIycerate,and3-0-01eyl-2-0-me^ 
glycero-l-thiophosphate), showed activity significantly higher than lysophosphatidic acid. 

Example 5 

15 Preparation of Protein/LPA mixtures 

Soy derived LPA (soy-LFA) (Avanti® Polar Lipids, Inc., Alabaster, AL) was stored in 
an organic soluticm and was dried immediately prior to assay using a Speed Vac (Savant 
Instnunents, Hicksville, NY). Tested proteins were resuspended at lOjmg/mL in a bicarbonate 
buffered saline/EDTA solution (50_mM NH^HCOj, 104 mM NaCl, 250_(M EDTA) prior to 

20 being added to dried soy-LPA at a 1 : 1 0_soy-LPA to protein (weight: weight) ratio. The mixture 

was then sonicated for 5 minutes using a high power 80 Watt sonication bath (Laboratory Supplies 
Co., Hicksville, NY). Following sonication, concentrated LP A/protein mixtures were left standing 
for 15 minutes at rocnn temperature prior to dilution in cell culture assay media. 

25 Example 6 

Effects of protein on anti-aooptotic activity of LPA 
The effect of various proteins on the ability of LPA to protect senun-starved cells firom 
apoptotic death was measured iising the C3H/10T1/2 cell assay, performed as described in 
Example 2, above. Log phase cells were seeded in 60 mm Petri dishes at 175-350 cells per cm^ and 

30 maintained in Basal Medium Eagle (BME) supplemented with 10% fetal calf serum (Hyclone, 

Logan, UT). At time zero, serum containing media was replaced with sterile filtered BME 
containing the LPA/protein mixture to be tested. After 24 hours of treatment, serum deprived 
release (SDR) cells (the apoptotic cell population) and adherent (ADH) cells were sq^arated and 
counted using an electronic cell counter (Coulter Corporation, Hialea, FL). SDR cells were 
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counted with the lower threshold setting at 6.3_(m and were defined as the apoptotic cdls dying 
in response to cultivation in serum-fiee^nedia. Approxiinately 95% of tiie SDR cells are 
confirmed to be apoptotic as previously shown by size, uHrastructure and DNA fi:agmentation 
analysis. Adherent cells were removed by treatment with a Hanks* balanced salt sohition 
5 containing 0.05% trypsin and 0.53_mM EDTA and were counted with tiie lower threshold setting 

at 1 1.01_(m. All san^)les were tested in triplicate and serum-deprived ccmtrols (BME only) wane 
assayed at both the beginning and end of each e3q>eriment. 

The results are shown in Table_4. The effects of various proteins alone or in combination 
with LPA are expressed as percent cells saved finom iq>optosis. When C3H10T1/2 cells were 

10 treated with 10 (g/mL soy LPA without protein, 8.0% of the cells were saved. The degree of 

protection fix}m apoptosis afforded by protein alone, added to the medium at a concentraticxi of 
0. 1% (wt/vol.), varied finom 0.9% to 27.7 % of cells saved fi-om apoptosis. An unusually high 
percentage of cells were protected &om senun-starvation-induced apoptosis by casein. This value 
may be artificially high, as casein preparations have been known to contain growth fiutors, 

15 including insulin-like growth &ctors (IGF) IGF 1 and IGF2. IGF2 is a mitogen that can mask the 

serum deprivation-induced apoptotic response in tiiese cells. 

When soy-LPA was added together with protein, the degree of protection fiom {^ptosis 
was, for certain proteins, more than additive. Thus, &tty acid depleted (FAD) bovine serum 
albumin (BSA) alone protected 0.9% of cells from serum-induced apoptosis, soy-LPA alone 

20 protected 8.0% of cells, while FAD BSA plus soy-LPA saved 58.7% of tiie cells. Similar effects 

were seen for mixtures of soy-LPA with FAD soy protein, cytochrome c and low density 
lipoprotein (LDL) and, to a lesser degree, acyl carrier protein, casein and myoglobin. Soybean 
trypsin inhibitor, ovalbumin, retinol binding protein and myelin basic protein did not enhance the 
anti-apoptotic activity of LPA, while bromelain was toxic to the cells. 

25 

TABLE 4 



Protein 


Source 


Protein 
Alone 
(0.01%) 


Protein 
+10 (g/mL 
Soy LPA 


Increase 
with 
LPA 


Detectable 
Acrylamide 
Gel LPA 
Binding (+/-) 


3H-LPA Size 
Shift Analysis 
(+/-) 


Albumin (Fatly 
Acid Depleted) 


Bovine 
serum 


0.9 


58.7 


+57.8 


+ 


+ 


Soy Protein 
(Fatty Acid 
Depleted) 


Soybean 


5.6 


5L6 


+46.0 


did not 
resolve on 
native gel 


+ 
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Cytochrome C 


Bovine 
heart 


\ ,r • " 


54.6 


+38.4 


did not 
resolve on 
native gel 


- 


LowDensi^ 
Lipoprotein 
(LDL) 


Human 
plasma 




63.4 


+37.5 




Not tested 


Acyl Carrier 
Protein 


K coii 


8.1 


36.2 


+28.1 


not tested 


Not tested 


Casein 


Bovine 
milk 




84.3 


+20.9 




Not tested 


Myoglobin 


Horse 
heart 


9.3 


27.8 


+18.5 




Not tested 


Tiypsin 
Inhibitor 


Soybean 


4.9 


12.3 


+7.4 


• 


** 


Ovalbumin 


Chicken 
Egg 


7,9 


15.1 


+7.2 


+ 


+ 


Retinol Binding 
Protein (RBP)* 


Human 
urine 


27.7 


33.3 


+5.6 




Not tested 


Myelin Basic 
Protein* 


Rabbit 
brain 




17.0 


+0.2 




Not tested 


Bromoiain 


Pine^jp 
lestem 




-100 


0 




Not tested 


a*fetoprotein 


Fetal 
bovine 
senun 




not tested 


not 
tested 


+ 


Not tested 



Example 7 

20 Rindiny^ nf LPA to protcin 

Binding of LPA to protein was examined using an electrophoresis radiobinding detection 
assay and a size shift analysis assay. 

Electrophoresis radiobinding assay. Proteins were analyzed on native polyaci>4amide 
gels following incubation with ^H-labeled 18: 1-LPA. ^H-labeled lysophosphatidic acid (1-oleyl) 

25 (DuPont NEN Products, Boston, MA) was added to tested proteins at 1 nM labeled 

18:l-LPA/45_(g protein. Mixtures were incubated in a bicaxixmate bufiEered saline/EDTA 
soluticm at 37°C for 60 minutes. Incubated samples were mixed with native gel sample buffer 
(3 12_mM Tris pH 6.8, 50% glycerol, 0.05% bromophenol blue) and loaded entirely onto an 8% 
discontinuous native polyacrylamide gel. F llowing electrophoresis, proteins were fixed into die 

30 gels using an aqueous solution consisting of glacial acetic acid, 10% (vol/vol) and metfaanol 30% 

(vol7vol.) solution. Fixed gels were then incubated for 60 minutes in autoradiography enhancer 
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(EN^HANCE, DuPont NEN Products, Boston, MA), and dried onto 3M duomatogniphy paper 
(Whatman, Clifton, NJ) and exposed to autoradiogr^hy film (X-Qmat, Kodak, Rochester, NY) 
for 72 hours at -80**C. 

The results, shown in Fig. 9, demonstrate that BSA and (-fetoprotein bind to 18:1-LPA, 
whereas bromolain and acyl carrier protein did not yield detectable bands. In other experiments, 
ovalbumin was shown to produce a detectable band (see table_4). Other experiments indicate that 
FAD soy protein can bind LPA. 

Size shift assay, Si2£ analysis ofLPA both with axid without pnitein was performed usixig 
a Superdex® S75 column (Pharmacia Biotech, Uppsala, Swedm). Soy LPA was combined in a 
chloroform solution with 0.5 Ci^H-labeled 18: l-LPA(DuP(mtNEN Products, Boston, MA), dried 
under vacmun and resuspended by sonication in a buffered solution (SO mM anamonium 
bicarbonate, 154 mM sodium chloride, pH 8.0) in the presence or absence of test protein. The 
anmionium bicarbonate/sodium diloride solution was used as the mobile phase at a flow rate of 
1 ml/min. One-minute fractions were collected for 30 minutes following sample injectioii. 
Fractions were counted in scintillant solution using a liquid scintillation counter (Beckman 
Instruments, Irvine, C A). Calibration was performed using a standard soluticm containing purified 
proteins (BioRad, Hercules, CA). 

As shown in Figs. lOA, lOB, IOC and lOD, soy-LPA al<»ie eluted at 22-26 minutes after 
sanq)le injecticm, corresponding to a size of approximately 1.3 kD. When a LPA/BSA mixture 
was ^plied to the colunm, radioactivity eluted primarily in the 10 to 12^ninute firactions, 
indicating that most ofthe LPA was bound to BSA. A LPA/FAD soy protein mixture apphed to 
the column resulted in an elution profile with two peaks, one corresponding to the position of 
unbound LPA, and the other shifted. A cytochrome c/LPA mixture gave an elution profile similar 
to that of soy-LPA alone, indicating that LPA does not bind to this protein. 

Example 8 

Anti-apoptotic activity of Five Phospholipid Mixture in an Organ Preservation Solution 
In order to determine the apoptotic activity of the claimed invention, the following 
experiment was performed. The cell assay is described in Exan^ile 2. Exponential growth phase 
was assured by seeding at 2000 cells per 1 ml (5 ml for a 60 mm culture plate) five days prior to 
the beginning ofthe experiment. At T=0, cultures were transferred to serum-firee medium, as an 
apoptosis stimulus, and seed extracts were added. CcHitrols included 10'^ and 5_x lO** M 
12-O-tetradecanoyl phorbol- 1 3 -acetate (TP A) to ensure the responsiveness of the cell culture. The 
samples were added to serum fiee medium and sterile filtered prior to addition to the cultures. 
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Assays were performed in triplicate or quadruplicate. Analyses of the cell responses were made 
between 18 and 28 hours of serum deprivation with Five Phospholipid Mixture alcme in Basal 
Medium Eagle's (BME) culture medium or supplemented with 5% or 25% of the Cardiosol'™ 
oigan preservation solution described in United States Patent No. 4,938,961. Two assays were 
5 performed on each cell culture plate consisting of diffisrential cell counts. 

1. All non-adherent or loosely adherent cells were removed from the culture dish and 
counted by ^propriate techniques, typically counting by electronic particle counting instrumenL 
These were the apoptodc cells, the serum deprived released cells (SDR), released by the action of 
cultivation in serum-free medium. Approximately 95% of these released cells were ^loptDtic as 

10 shown by both ultrastructure analysis and DNA fragmentation analysis. 

2. The remaining adherent cells (ADH) were e7q>osed to a bufifered, typically pH_7.3, 
balan c ed salt solution sudi as Hanks Balanced Salt Solution without calcium and magnesium salts 
containing 0.05% trypsin and 0.53_mM ethylene diaminetetraacetic acid (EDTA). Each culture 
was incubated at either rocmi temperature or 37^C on a rocking platform to ensure uniform 

15 distribution of die trypsin reagent over the culture sur&ce. After a standardized period of time, 

typically 1 0_minutes, the released cells were removed from each culture dish and measured by the 
same means as described above, typically electronic particle counting. This ADH cell count was 
comprised of both trypsin resistant and trypsin sensitive cells as described in PCT Publicaticm 
No.JWO_94/25621. 

20 Anti-^optotic activity is expressed as the calculated concentration of material ((g/ml of 

media) required to save 50% of the cells released on serum free treatment. 

Example 9 

Pre paration and use of Five Phospholipid Mixture in PEG20L 
Twenty milligrams of Five Phospholipid Mixture stored in CHCI3 (20 mg/mL) under 
Argon was dried in a glass tube with vacuum concentrator (Savant) with gmtle heat This was 
sonicated for 5 minutes under an Argon blanket in 1 mL of buffer (50 mM NH^HCOj, 104 mM 
NaCl, 250 (M EDTA) 5 mL of vsUch had been bubbled for 5 minutes with Argon. 

250 (L (5 mg) of the Five Phospholipid Mixture sonicate was added under a stream of 
Argon to 100 mL of 10% PEG20L which had been prepared in water, ultrafiltered then sterilized 
by filtration (0.22 (M) and stored anaerobically (under Argon in Ar-filled bags). The resulting 50 
(g/mL Five Phospholipid Mixture in 10% PEG20L was packaged under a stream of Argon into 
1 0 mL autoclaved amber glass vials in 2 mL and 1 0 mL amounts and sealed with autoclaved butyl 
rubber sq}ta/alumiimm rings. Pri r to use, the septa had been subjected to 2 hours of high vacuum 
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then sealed in an aluminum bag filled viitix Aigcm in order to displace as nnicfa dissolved oxygm 
as possible. The Five Phospholipid Nfixture/PEG vials were labeled then individually padcaged 
into aluminum bags fiUed with Argon and stored at 4*". 

Example 10 

Activitv of LPA and PEG in in vitro C3HyiOTl/2 assavs 
All the phospholipid mixtures were prepared by combining the desired phospholipids in 
solution with organic solvent then drying down the mixture with gentle heat (4S*^C) and higji 
vacuum followed by sonication into aqueous suspension at 5 to 20 mg/mL. In some cases, the 
phospholipids were then mixed widi serum-firee culture medium containing PEG of the indicated 
molecular weight, concmtration and type of PEG noted in the figures and prepared as described 
above. The results obtained are dq>icted in Fig. 1 1 and Table 3. 

Example 11 

in vitro Cardiomvocvte Assays Isolation of rat neonatal cardiomvocvtes 
Cardiomyocytes were prepared from hearts of day-old Sprague Dawley rats by 
trypsinization and mechanical disaggregation (Simpson, (1985)) Circ. Res. 56:884-894. The cells 
were resuspended in MEM, IxMEM vitamins (Gibco), 5% fetal bovine serum and 50 U/ml 
penicillin-G and pre-plated for 30 minutes to reduce contamination of non-myocytes. The 
non-adherent cardiac myocytes were separated and seeded in 2 ml in 35 mm dishes at a density of 
3.5x10^ viable cells per ml. The cells were allowed to adhere for 16-24 hours in a 37°C75%C02 
hiunidified incubator. 

Cardiomvocvte treatment 

For serum deprivation, the medium was replaced with fiesh serum-fiee RPMI, \^^iereas 
serum/glucose deprivation was perfoimed using glucose-firee RPMI. The induction of cell death 
by adriamycin or Cj-ceramide was accomplished by the addition of the agent prepared in 
serum-firee RPMI. As a model of ischemia, cultures in senun and glucose finee RPMI were placed 
in an airtight chamber and the latter was continuously perfiised with o?c^en-firee gas overlay of 
95% N2/5% CO2 for 8 hours at 37X. To model reperfiision of the ischemic ceils, 10% fetal 
bovine seriim, 2 g/L of glucose were added and the cultures were retunied to a norm^ 
overiay (37^C/5% CO2) in a humidified incubator for 16 hours. 

To investigate efifects of LPA, LPA plus other phospholipids, PEG or ibek mixtures on 
cell death, various combinations of these components were added to cells in serum firee medium 
at the beginning f cytotoxic treatment. 
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Measurement of cell death 

Because caidiomyocytes are terminally diflferentiated non-dtvidiiig cells, viability was 
delennined by measurement of the decease in the relative number of adherent cells. The 
5 measurement ofnon^adhefent cells was fi>und to be less rqm)du^ 

following release fiiom adhesion substrate. Adherent rardiomyocytes were collected from culture 
dishes using 0.25% Trypsin/0.05% EDTA and counted on Coulter Counter ZM and Coulter 
Channdyzer 256. 

The results were as follows: 
10 1 . Five Phosphol^id Mixture prevents cardiomyocyte death induced by 

serum/glucose deprivation or by ischemia/reperfusion (Fig. 13, 14). 

2. 0.3-2% PEG with molecular weight 20,000 kDa enhances the protective efifect of 
Five Phospholipid Mixture against serum/glucose dq)rivation induced cell death (Fig. 13). 

3. MixturesofPEGwitfaFivePhospholipidMixtureand 18:l-LPAequallyprotect 
15 cardiomyocyte death induced by iscdieniia and rep^rfusion (Fig._14). 



TABLES 



Compound # 


Concentration ranges for 
cardiomyocyte protection (mM) 


Maximum effect relative to 18:1 LPA 
in cardiomyocytcs 


30 


1-10 


150% 


78 


,01-3 


130% 


68 


.003 - 10 


100% 


48 


.03 - 10 


100% 


18:1 LPA 


0.3 - 10 


100% 


12 


1-10 


100% 


11 


1-10 


100% 


19 


1-10 


100% 


16 


1-3 


100% 


66 


.03-1 


60% 


45 


30 


30% 


46 


ND 




24 


ND 




10:0 LPA 


ND 
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5 



Compound # 


Concentrati n ranges for 
cardiomyocyte protection QM) 


Mazimiun ^ect relative to 18:1 LPA 
In cardiomyocytes 


23 


ND 




15 


ND 




29 


ND 




25 


ND 




36 


ND 




3 


ND 




4 


Toxic (3-30 /iM) 





ND: No protecticHi detected. 



4. Various LP As prevent cardiomyocyte death induced by serum/glucose d^rivatioa 
10 (results appear in Table 5). 

5 . Five Phospholipid Mixture reduces cardiomyocyte death induced by ceramide and 
the addition of PEG to the Five Phospholipid Mixture enhances this effect. 

In these experiments, 10(M ceramide was added to cell cultures ofcardiomyctes alone or 
in the presence of: (a) 0.3% PEG, (b) 2% PEG, (c) 5 (M LPA presented as Five Phospholid 

15 Mixture, (d) 5 (M LPA presented as Five Phospholid Mixture plus 0.4% PEG, and (e) 5 (M LPA 

presented as Five Phospholid Mixture plus 2% PEG. Controls also included only serum and 
glucose without any active ingredients. In other e^qjerimoits, 15(M ceramide was added to 
cardiomyctes alone or in the presence of: (a) 0.3% PEG, (b) 2% PEG, (c) S(M LPA presented as 
Five Phospholipid Mixture, (d) 5 (M LPA pres«ted as Five Phospholid Mixture plus 0.4% PEG, 

20 and (e) 5 (M LPA presented as Five Phospholid Mixture plus 2% PEG. 

It is clear firom these results that LPA has anti-apototic activity as shown in the 
cardiomyocyte assay, and that the combination of LPA with other phospholipids retains that 
activity. Additionally, the presence of PEG inq>roves the activity of LPA. 



25 Example 12 

Regional ischemic dog heart model 
The experimental nKxld used was a r^onal ischemic dog heart (mongrel male hound, 
approximately 20 kg) with the left anterior descending coronary artery clamped distal to the first 
diagonal brandi rendering a portion ofthe left ventricle ischemic. The clamp was maintained for 
30 90 minutes then released gradually over a 5 minute period. A narrow canula was placed into tiie 

left main coronary artery tiirough which Five Phospholipid Mixture (5 mL of 50 (g/mL in 10% 
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PEG) was infused starting 75 minutes after the start of Ae isdiemic i>eriod, and ccmtimiing fyr 
75 minutes in total (approximately 67 (L/min., £4)proximately 3.3 (g Five Phospholipid 
Mixturc/min.). The total dose was 250 (g Five Phospholipid Nfixture and 500 mg PEG20L. 

5 Determination of Infarct size 

After staining and fixation, the atria and right ventricle are removed firom the left ventricle. 
After removal of the :^>ex, the portion of the left ventricle distal to the mitral apparatus is cut into 
5 transverse sections of equal thidcness. Evans Blue dye injected into the circumflex vessel stains 
the circumflex tsmtory blue. TTC stains viable LAD territory red, while the iniarrted 
10 myocardium will r^nain unstained (white). Sections are weighed and photographed for 

documentation and future verification of results. Qnt^ter assisted planimetry is used to measure 
the areas of the circumflex, viable LAD and in&rcted LAD territories. Calculation of in&rct size 
is based upon the assumption that the area of in&rction in the sectioned plane is representative of 
the mass of in&rcted tissue in that plane. 

15 

Study Protocols 

1. Study-Kiruggn>up; dogs are treated with Five PhosphoUpid Nfixture 50_(g/nil and 
PEG 1 00_mg/ml as a bolus plus infusion (at 4_ml/hr) starting 15 min before reperfiisicKi and goiiig 
on for 60 min into the rq}erfusion period. 
20 2. Placebo group: dogs receive placebo following the same modalities described for 

the study drug group. 

3. SOD-Catalase group: dogs receive SOD plus catalase following the same 
modalities described by Simpson etjal. (1987) Fed. Proc. 46:7, 2413-21. 

Hie rationale for using a third group of dogs in the present protocol resides in tiie &ct that 
25 the SOD + Catalase group represents a positive control. In &ct it has been shown that the 

combination of oxygen radical scavenger is very efiBcacious in limiting myocardial reperfusion 
injury in the canine mode. 

The results obtained in the dog heart experiments are depicted in Fig. 15. 

30 Example 13 

Evaluation of Infarct Me asurement and EKG Alterations in a 
Regional Ischemic Pig Heart Model 
This example evaluates the anti-apoptotic activity of PEG20L in a regional ischemic pig 
heart model. Adult Yucatan miniature pigs (^rox. 30 kg each) were treated with general 
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anesthesia followed by balloon catheterization to create an occlusion of the first obtuse maiginal 
branch ofthe circumflex coronary artery. After 105 minutes of occlusion treatnientmdi control, 
infusion of PEG20L (100 mg/mL), or PEG20L and Five Phospholipid Mixture (100 mg/wiL PEG 
+ 50 (g/mL Five Phospholipid Mixture) solution was started through the guide catheter into tiie 
5 aortic root in close £q}proximation to the occlusion. The solutions were introduced initially by a 

bolus equal to 25% of the hourly drug dose, followed by continuous infusion tfaroug}i the guide 
catheterfor 135 minutes. Theocclusionwasremovedafterl20minutes(15minutesafterthestart 
of drug delivery). 

Heart function was monitored by EKG and cardiac output was determined by contrast 
10 imaging. The animal was euthenized 1-3 days after the occlusion. The heart was removed for 

histology and examined. Infiirct size was determined by a nielhodoftriphenyltetrazolium chloride 
(TTC) staining for the area at risk and actual in&rct. The area not at risk was stained with a blue 
pigment or Evan's Blue dye. 

Pigs were treated with one ofthe following test regimens (displayed as total dose): 
15 a) 250mg/kgPEG20Lonly(10%ultrafitter6dinwater)(n = 2); 

b) 125 /ig/kg Five Phospholipid Mixture + 250 mg/kg PEG20L (n » 3). 
Four additional pigs were occluded but not treated with any solution, for use as controls. 
Ofthe four controls the mean in&rct size (as % risk zone) was 34.5% ( 7.2 %. The 
controls also showed a marked unresolved S-T segment shift during the ischemic period which 
20 reflects severe myocardial ischemia and infiurction. 

Incontrasttotheccmtrols, two effects were noted in the treatment groups. First,insome 
animals, within 2 minutes ofthe start of drug infusion there was a nonnalization of the EKG signal 
disturbances in the occluded hearts. Duriog the ischemic period the normal EKG signal shifted 
to one in \^cfa there was an elevation in the S-T segment indicating an impairment of myocyte 
25 repolarization. This elevation disappeared in several pigs treated with PEG20L and Five 

Phospholipid Mixture. Some pigs that were treated were not included in the inforct measurranoit 
data due to technical di£Bculties in determining the infturct size. However, some of fliese animals 
did exhibit a reduction in S-T segment elevation. 

Tlie second effect noted was a decrease in infiirct size in the treated animals when 
30 compared to the control animals (Fig. 12). In three Five Phospholipid Mixture treated pigs with 

measurable in&rcts, the inforct sizes were reduced to only 12.3 %(5.1 %, in contrast to 34.5 %in 
the controls. 
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It is clear from this example that LPA and LPA in combination with PEG are efifectivG 
therap^itics for tiie treatment of cardiac isdiemia, as both protect tissue from infiirct damage and 
reduce the level of S-T segment shift measured by electrocardiogram. 

Example 14 

Evaluation nf Tnfkrct Measuremqit in a Ret pnnal fsch emic Rat Heart Model 
The left anterior descending coronary artery (LAD) of each Sprague dawley female rat 
(225-250 grams) was occluded for 20 minutes followed by 2 hours of blood reperfusion. Tbc heart 
was then removed and the non-ischonic area not at risk for developing an in&rction was delineated 
by perfusing Evan's Blue through all but the LAD of the coronary vasculature. The inforct and 
area at risk for in&rction was identified by perfusing the LAD with triphenyltetrazolium chloride 
which is metabolized to a red dye in viable tissues viiile remaining uncolored within the necrotic 
zone. The heart was then fixed and sliced in order to permit planim^ry measurements of both the 
area at risk for developing die infiuction and the actual in&rct size itself. The results are cxpiessod 
as infiurct size as a proportion of die area at risk. 

At start of reperfusion a mixture of Five Phospholipid Mixture (1 mg/kg) (preparation 
described in Example 3) and PEG (8 mg/kg) was injected over an approximately two minute period 
into the left ventricle through a 35 gauge needle. Control rats received a similar volume injection 
of placebo containing 10 mM citrate/1 10 mM NaCl, pH 6.5. 

The results^ in Fig. 16, show that treatment with LPA, in a phospholipid mixture, 
combined with PEG resulted in a 42% reduction in inforct size relative to placebo-treated rats 
(p=0.005, n=4 in both groups, two tailed T-test). The areas at risk in the two groups were similar 
(p=0.42). 

Example 15 

Evaluation of Infarct Measurement in a Regional Isdiemic Rabbit Heart Model 
Male New Zealand white rabbits were initially anesthetized usiiig a mixture of ketamine 
(400 mg per rabbit) and ^lazine (20 mg per rabbit) administered intramusculariy in two doses, 
approximately 10 minutes apart. Throughout the study, a level of deep anesthesia is maintained 
using sodium pentobarbital given intraperitoneally at a dose of sqjproximately 50 mg/hour. All 
rabbits were intubated and mechanically ventilated using room air supplemented widi oxygen. 
Fluid filled catheters were placed into the jugular vein to administer fluids. A catheter was also 
placed into the left carotid artery to measure heart rate and blood pressure and to btain reference 
blood samples during regional myocardial blood flow measurements. The chest was opened 
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through the left fourth intercostal space. Then, the pericardium was incised and the heait was 
exposed. A laige anterolateral branch ofthe circumflex artery, or the drcumfl 
identified and encircled with a .4-0 silk suture. The ends of the suture were threaded tfaroug}i a 
piece of flanged tubing, formiiig a snare, wfaidi was later used to occlude the artery. A catheter 
was then placed into die left atrial £^)pendage to inject the control or test solution, the radioactive 
microspheres and blue pigment at the conclusion of the procedure. 

After the surgical preparation, the rabbits were stabilized for ten minutes. Atthistime, 
the rabbits were randomized into either the treatment or control group. The treatm^ solution 
contained 1 mg/ml of the Five Phospholipid Mixture, described in Example 3, above, 8 mg/rrd 
PEG 20L, in 10 mM citrate 110 mMNaCl. The control solution contained 10 mM citrate and 1 10 
mM NaCl. Five minutes before occlusion, a bolus dose of 1 mg/kg body weight of either the Five 
Phospholipid Mixture/PEG solution or the control solution was administered into the left atrium, 
hnmediately following the bolus dose, infusion was started at the rate of 1 mg/kg for one hour into 
the left atrium. Baseline hemodynamics and core body temperature were recorded. Next, the 
artery was occluded for 30 minutes. Following this, the hearts were reperfiised for three hours. 
Heart rate and arterial blood pressure were recorded at 20 miimtesofocclusion and at time points 
during reperfusion at a 25 mm/seccmd paper speed. Regional myocardial blood flow measurements 
were performed on two occasions; during corcHiary occlusion (20 minutes) to confirm no blood 
flow in the isch^nic zone, and during eariy r^)erfusion (30 minutes) to confirm reflow in the same 
zone. At the end of three hours of reperfusion, the coronary artery is reocduded. Next, 4 ml of 
50% Unisperse blue (Ciby-Geigy, Hawthorne, NY) were infused through the left atrial catheter 
and allowed to circulate throughout the vascular system. The rabbit was then euthanized by an 
overdose intravenous injection of xylazine (300 mg) followed by 12 mEq of potassium chloride 
given into the left atrium. Prospective exclusion criteria included an ischemic risk zone of less than 
10% of the left ventricular weight, a r^onal blood flow of more than 0.2 ml/minute/g in the risk 
zone during coronary artery occlusion (lack of ischemia), or a regional blood flow of less than 0.4 
ml/min/g in the risk zone at 30 minutes of reperfusion (&ilure to reperfiise). 

In&rct size was evaluated as follows. The right ventricle was trimmed off and the left 
ventricle was sliced transversely into seven or eight sections, approximately two millimeters in 
thickness . These slices were photogr^hed to identify the ischemic risk regions (uncolored by the 
blue pigment) and the non-ischemic regions (colored by the blue pigment). The slices were then 
incubated ina 1% solution oftriphoiyltetrazolium chloride pre-heated to 37 **€ for lOminutesand 
rephotogr^hed for analysis of area of necrosis. All sections were later fixed in formaUn. These 
photogrs^hic slides were projected and areas of risk (AR) and areas of necrosis (AN) were traced 
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by planimetry. The planimetered areas ofeadisUce were multiplied by the weight ftfaesliceand 
then swnmed. Because in&rct size is measured firom photographic slides, the entire left ventricle 
was used for the analysis. 

Regional myocardial blood flow (RMBF) was measinedas follows. Just before measuriiig 
RMBF, during occlusion, the atrial catheter was disconnected from the treatment infiision punq>. 
Radioactive microspheres were injected via the atrial catheter. Hie catheter was then reprimed 
with approximately 0 . 2 ml of the drug treatment, and the catheter was reconnected to the pun^i and 
infusion continued. 

Regional myocardial blood flow was measured with 11 (m radioactive microspheres 
labeled with ''•'Ce, Nb or Ru (New England Nuclear, North BiDerica, MA), using 
approximately 500,000 per injection. These microspheres were injected into the left atrial catheter. 
At the same time, a reference blood sample was obtained from the carotid artery at 2 .06 ml/minute. 
The blood r^oved during RMBF measurement was about 5 ml. These volume changes do not 
cause changes in systemic arterial pressure. At the ead of the protocol, after the photographic 
slides had been taken and the heart weight, myocardial san^les were cut firom the crater of the 
non-ischemic and the ischemic regions, weighed and counted with the re&rence blood san^les in 
a well gamma counter. Blood flows at each interval, for ischemic and non-ischemic tissues, were 
then computed and expressed in ml/minute/g. 

The results were as follows. With a risk zone of £q)proxiinately 25% of the left ventricle, 
treatment widi the control solution resulted in in&rct size of approximately 40% of die risk zone 
on average, as compared to an average of only sq)proximately 25% of the risk zone in the subjects 
treated with the LPA containing PEG and other phospholipids. 

Although the foregoing invention has been described in some detail by way of illustration 
and exanq>le for purposes of clarity of understanding, it will be ^parent to those skilled in the art 
that certain chaiiges and modifications can be practiced. Therefore, the descriptions and examples 
should not be construed as limiting the scope of the invention, ^^ch is delineated by the £^>pended 
claims. 
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Claims : 

1. A conqpositioii, conqirisiiig a ctmqxNind of tfae following fonnula: 

M 
I 

W-P-OH 
I 

W 

wifaerein M is O or S, each W is independently selected from one of tiie following stiuctuies: 

X Z 

\ I 
R-C-X-iCH;^„-CH -CH^ -Y 

Z 
I 

R -X-iCH^„ -CH-CH^ -Y 



X V Z 

II I I 

R -C -L -(CH^„ -(CH)„ -CH-CH^ -Y 



O Z 

II I 
K-C-NH -(CH^)„ -CH -CH^ -Y 



wiierein Y is O or S; R is unsubstituted or substituted, saturated or unsaturated, straight or 
branched-chain all^l, or ((CH2)pO),(CH2)pT where q is an int^er firom 1 to about 900 and vAtsxo 
each p is indq)endently an integer from 2 to about 10 and T is OH, or 0(CH2)bCH3 where b is an 
int^er from 0 to about 10; each V is independoitly OH, SH, H, NHj, halogen, OPOaHj, or 
0S03H;n is an integer from 0 to about 10; misanint^erfromOtoabout 10; Z is OH, SH, NHj. 
halogen, OPOjHj, H. 0(CHj)bCH3 where b=0 to about 2, or SO3H; L is independently O, S, or 
CH2 and X is independently O or S; or a salt thereof. 
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2. Theconq)Ositi(maccoidii]gtoclaiml,v4ierBinR 
S and about 24 carbon atoms, and mbctures thereof. 

3. The coiiq)osition according to claim 1, viierein R is an alkyl having 24 carbon 
atoms, \riierein 1 or 2 of the carbon-carbon bonds are imsaturated, and mixtures thereof 

4. A composition, conq>rising: Bis(3-0-oleyl-2-04nediod-mc-gIyceryl) thiophos- 
phate, or a salt diereof 

5. A ccm^xssition, con^)rising a compound of the foUowing formula: 

O 

B 

Q-M-W 
I 

W 

irfierein each W is independently SH, OH, OCH2CH(NH2)C02H, OCHCH3CH(NH2)C02H, 
OPOjHj, OPOjHOPOaHj or Q, wherein vihen one W is Q, the other W is OH, and vriierein Q is 
one of the following structures: 

X Z 
II I 

R-(CHj)„ -X-C-CH-CH^ - Y 

XV Z 
II I I 



wherein Y is O or S; R is imsubstituted or substituted, saturated or unsaturated, straight or 
branched-chain alkyl, or ((CH2)pO)q(CH2)pT where q is an integer from 1 to about 900 and \iibsrc 
each pis independently an integer from 2 to about lOandTis OH,orO(CH2)bCH3wherebisan 
int^er from 0 to about 10; each V is independently OH, SH, H, NHj, halogen, OPOjHj, or 
OS OjH; n is an intpger from 0 to about 1 0; m is an integer from 0 to about 1 0 ; Z is OH, SH, NHj, 
halogai, OPOjH^, H, OCCHjXCHa w*erB b=0 to about 2, or SOjH; L is independently O, S, or 
CH2; X is independently OorS;andMisPorS, whGre when M is S, ne W is (=0) and the other 
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W is SH, OH OCH2CH(NH2)C02H, OCHCH3CH(NH2)C02H, OPO^Ha, or OPO2HOPO3H2; or 
a salt thereof. 

6. A compositioa comprising a conqx>und selected from the group consisting of 
reverse ester-LPA, reverse tfaioester-LP A and a salt of either ccm^Kmnd. 
5 7. A con^)osition comprising 3 Oleyl l^ophosphoiyl-2-OHnediyl-/iac-glycerate, 

or a salt thereof. 

8 . A method of treating apoptosis , or preserving or restoring fimction in a cell, tissue 
or oigan comprising administering in vivo a therapeutically efikctive amount of a pharmaceutically 
acceptable conq)osition of claimus 1, 2, 3, 4, 5, 6, or 7. 
10 9. The composition of Claims 1, 2, 3, 4, 5, 6, or 7, wherein said composition further 

conq>rises a potentiating component. 

10. The conq}osition of claim 9, v^ierein said cQnq)onent is a polyethylene glycol. 

1 1 . The composition of Claim 9, wherein said component is a protein. 

12. The composition of Claim 9, wherein said component is a lipid membrane 
IS structure. 

13. The con^)osition according to claim 12, wherein the lipid membrane structure 
comprises at least one con^und selected from the group consisting of a lipid, a phospholipid and 
a sur&ctant. 

14. The composition according to claim 13, wherein the lipid is selected from the 
20 group consisting of phospholipids, glycolipids, steroids, bolaamphiles and a combination thereof 

15. The composition according to claim 13, wherein the surfiutant is nonionic. 

16. The composition according to claim 13, wherein the lipid membrane structure 
further comprises a tissue targeting compound. 

17. The composition according to claim 16, wherein the tissue targeting compound 
25 is selected from the group consisting of an antibody, a cell sur&ce receptor, a ligand for a cell 

surfiice receptor, a polysaccharide, a drug, a hormone, a hapten, a special lipid and a nucleic acid. 

18. The composition according to claim 13, wherein the composition further 
comprises a component selected from the group consisting of a polypeptide, a modified polypeptide 
and a polymer. 

30 19. The composition according to claim 18, wherein the polypeptide is a fetty acid 

binding protein. 

20. The composition according to claim 18, ^^rein the polymer is a naturally 
occurring polymer and is selected from the group consisting f dextrans, hydroxyethyl stardi, and 
polysaccharides. 
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2 1 . The composition according to claim 20, wherein the polysaccharide is selected 
from the group consisting of trehalose, glucose, maltose, lactose, maltulose, iso-maltulose, 
lactulose, mono-reducing glycosides of polyhydroxy compounds selected from sugar alcohols, 
other straight chain polyalcohols, ra£Bnose, stacfayose, melezitose, dextran, sucrose and sugar 

5 alcohols thereof maMtol, lactitol, iso-maltulose, palatinit, 2-D-glucopyranosyl-l (6Hnannitol and 

their individual sugar alcohols. 

22. The composition according to claim 18, wherein the polymer is syndietic and is 
selected &€m the group consisting of polyaDcyl glycols, polyoxyetfaylated polyols, 
polyvinylpyrrolidone, polyhydroxyethyl methacrylate, polyvinyl alcohols, polyur^hane, 

10 polytrimethylene glycol, polypropylene glycol, polyacrylic acid, polyethyloxazoline, 

polyacrylamide, polyphosphazene, poly(lacdc acid), poly(glycolic acid), polyamino acids and 
polymeric miTctures thereof. 

23 . The composition according to claim 1 1 , vdierein the protein comprises at least one 
compound selected from the group consisting of a Upid binding protein and a lipid carrier protein. 

15 24. The composition according to claim 1 1, wherein the protein is selected from the 

group consisting of albumin, soy and plant protein, cytochrome c, low density lipoprotein, acyl 
carrier protein, and alphafeto protein. 

25. The composition according to claim 12, wherein the weight ratio of PEG to LPA 
is 1-100,000 to 1. 

20 26. The composition according to claim 12, wherein the PEG has an average 

molecular weight from about 8,000 to about 40,000. 

27. The composition according to claim 12, wherein the PEG has an average 
molecular weight of about 20,000. 

28. The composition according to claims 1, 2, 3, 4, 5, 6, or 7, further comprising 
25 pharmaceutically acceptable excipients. 

29. The composition according to claims 1, 2, 3, 4, 5, 6, or 7, further comprising a 
pharmaceutically effective agent. 

30. The composition according to claim 29, wherein the pharmaceutically effective 
agent is selected from the group consisting of a drug, an antibiotic, a wound healing agent and an 

30 antioxidant 

31. The composition according to claim 30, ^^iierein the drug is selected from the 
group consisting of antipyretic and anti-inflanunatoiy, analgesics, antiarthritics, antispasmodics, 
antidepressants, antipsychotics, tranquilizers, antianxiety drugs, narcotic antagonists, 
antiparkinsonism agents, cholinergic antagonists, chemotherapeutic agents, immuno-suppressive 
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agents, antiviral agents, parasiticides, ^petite suppressants, antianedcs, antihistamines, 
andmigraine agmts, coronaiy vasodilators, cerebral vasodilators, peripheral vasodilators, 
honnonal agents, contraceptives, antithrombotic agents, diuretics, antihypertensive agents, 
cardiovascular drugs, opioids, and vitamins. 
5 32. The conqx»sition according to claim 30, wherein the antibiodc is selected fiom the 

group consisting of ampicillin, tetracycline, chloramphenicol, eiydmunycin, amphotericin B and 
penicillin. 

33. The conqx>sition according to claim 30, wherein the wound healing agent is 
selected from the group consistiiig of transforming growth &ctors, platelet-derived growth &ctors, 

10 epidermal growth &ctors and fibroblast growth Actors. 

34. The composition according to claim 30, wherein the antioxidant is selected from 
the group consisting of Vitamin_C, Vitamin^E , Vitamin A, dihydrolipoamide, flavenoids, 
butylated hydroxytoluene, butylated hydroxyanisole, Trolox®, propyl gallate, ph»olic 
antioxidants, phenothiazines, desferrioxamide, HBED and CP130. 

15 35. A method of niaking the composition of Claim 9, comprising the steps of: 

a) forming a lipid dispersion comprising LPA; 

b) providing at least one of said components; and 

c) combining die products of steps a and b. 

36. The method according to claim 35, wherein the lipid dispersion is formed by the 

20 steps of: 

a) dissolving LPA and any other lipids in organic solvent; 

b) removing the solvent to form dried Upid; and 

c) dispersing the dried lipid into aqueous media by the steps of: 
i) forming an even lipid dispersion; and 

25 ii) forming an even dispersion of lipid membrane structures. 

37. The method accordiiig to claim 35, forther comprising the step of d) sterilizing the 



38. A composition obtained according to a method according to claim 35. 

39. The method of claim 8, wherein said pharmaceutically accqitable composition 
30 forther comprises a potentiating continent. 

40. The method of claim 39, wherein said potoitiatiiig component comprises a 
polyethylene glycol. 

41. Themethod fclaim39,whereinsaidpotentiatiiigcon^x>nentcomprisesaprotein. 
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42. The method of claim 39, \^reiii said potentiating coxiqxment conq)rises a lipid 
membrane structure. 

43 . The method according to claim 8, comprising administering said composition to 
a patient suffering from a condition related to ^xiptosis, ischemia, traumatic injuiy or reperfiisicm 

5 damage. 

44 . The method according to claim 8, conq)ris]iig administering said composition to 
a patient suffering fircxn gastrointestinal perturbation. 

45. The method according to claim 44, wherein the gastrointestinal perturbation is 
caused by a stimulus selected from the group consisting of viruses, chemotfaer^)eutic agents, 

10 radiation, infectious diseases, inflammatory bowel disease, and diarrhea-causing organisms. 

46. The m^hod according to claim 45, wherein the virus is human immunodeficiency 

virus. 

47 . The method according to claim 8, wherein the method diminishes sqx^ytosis-related 
problems associated with immunosuppressing viruses, chemother^>eutic agents, or radiation and 

15 inununosuppressive drtigs. 

48. The method according to claim 43, Miierein the reperfiision damage is associated 
with coronary artery obstruction; stroke; cerebral in&rction; spinal/head trauma and concomitant 
severe paralysis; frostbite; coronary angioplasty; blood vessel attachment; limb attachment; organ 
attachment; and kidney reperfusiorL 

20 49. A method of culturing cells comprising treating cells with an amount of the 

composition according to claims 1, 2, 3, 4, 5, 6 or 7 effective to prevent apoptosis or preserve the 
cells. 

50. The method according to claim 49, w^ierein the cells are part of a tissue or organ. 

25 51. Antietbodof preserving an organ comprising addiiig an effective amount of the 

composition according to claim 1, 2, 3, 4, 5, 6 or 7 to the solution with which the organ is treated. 

52. A method of organ preservation comprising administeringtoadonor organ at least 
one intravenous bolus of an effective amount of the composition according to claim 1, 2, 3, 4, 5, 

30 6, or 7. 

53. The method according to claim 8, vdierein the patient is undergoing a condition 
selected from the group consisting of cardioplpgia, congestive heart frulure, angioplasty, and a 
valve operation. 
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54. A method of treating demiatolQgicconditi xis, comprising topicaUy administering 
a therapeutically efifective amount of a phannaceutically acceptable composition comprising the 
composition according to claims 1, 2, 3, 4, 5, 6, or 7 to a patient in need of such treatment 

55. The method according to claim 54, wherein die demnatological condition is 
wrinkling, or hair loss. 

56. A method of treating wounds comprising administering an effective amount of tiie 
composition according to claims 1, 2, 3, 4, 5, 6, or 7. 

57. The method according to claim 55, herein the wounds are bum wounds. 
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